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decreasing viability of the nautiloids, but the patterns and modes
of evolution of this declining group are instructive.

Post-Triassic nautiloids have received but scant attention.
most workers having merely referred all species to the genus
Nautilus. In 1927, L. F. Spath presented a very comprehensive,
but short, review of post-Triassic nautiloids and proposed a
taxonomic scheme including many new genera. In 1951, 1 spent
eight months at the British Museum of Natural History, and at
that time had the opportunity of studying the very large and
excellent collections of that institution including the types of
many of the genera proposed by Spath. At the time Spath
(1927a) proposed his taxonomic scheme for post-Triassic nau-
tiloids he did not give any diagnosis of his genera or illustrations
of his type species, many based on Sowerby species not previously
illustrated except in woodeuts. In the present report all genera
of post-Triassic nautiloids are diagnosed and illustrated. An
intensive search has been made of the literature to bring together,
as far as possible, all species names that have been proposed over
the past hundred odd years. In this way data was obtained on
the variability, geologic range and geographic distribution of
each generic eroup.

This study is an outgrowth of the preparation of a chapter
on Mesozoic nautiloids for the Treatise on Invertebrate Paleon-
tology, edited by R. (‘. Moore. A similar study on Carboniferous
to Triassic nautiloids has already been published (IKummel,
1953¢). I wish to express my very sincere appreciation to Dr.
L. F. Spath for many long hours of stimulating conversations
and for facilitating in every way my work at the British Mu-
seum, Fruitful discussions with Dr. Curt Teichert and Dr.
Ernest Williams on taxonomic and evolutionary problems were
most helpful.

CLASSIFICATION OF POST-TRIASSIC NAUTILOIDS

The only previous comprehensive discussion of post-Triassic
nautiloids is that of L. . Spath (1927a). In recent years several
large works on Tertiary nautiloids have been produced by Miller
which have included deseriptions of many new Tertiary faunas,
Spath’s discussion of post-Triassic nautiloids was only a small
and incidental part of his brilliant work on the famous Jurassie
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fauna of Kachh (Cutch). Even so, he laid the framework for
future work on these animals.

Nautiloids of Mesozoic age and, until recently, Tertiary age
have received only brief incidental treatment in paleontological
publications. Kor one thing post-Triassic nautiloids are not
common fossils compared to the contemporaneous ammonoid,
pelecypod, or gastropod faunas. They likewise are seemingly
not nearly so diverse. The evolutionary decline of the nautiloids,
already very marked in the Silurian, progresses steadily towards
the Recent. Thus in studying Mesozoic and Tertiary nautiloids
we are closely examining the decline and near extinction of a
large animal group.

Until the contribution by Spath (1927a) there had been few
venera proposed for post-Triassic nautiloids and most of these
were not generally accepted or used. The most common practice
was to place all post-Triassic species in the genus Nautilus.
Those genera that had been proposed before Spath’s 1927 re-
vision include Nautilus Linné, 1758, Bisiphytes Montfort, 1808,
Cenoceras Hyatt, 1883, Eutrephoceras Hyatt, 1894, Digonioceras
Iyatt, 1894, Angulithes Montfort, 1808, Hercoglossa Conrad,
1866, Pseudonautilus Meek, 1876, Cimomia Conrad, 1866, Cyma-
toceras Ilyatt, 1883, Tithonoceras Retowski, 1893, Carinonawtilus
Spengler, 1910, and Atwria Bronn, 1838. As mentioned above,
most of these genera were never used after their original pro-
posal ; however, such generic names as Futrephoceras, Herco-
glossa, Cymatoceras, and Aturia are fairly common in the early
literature. Most of these genera were considered as members of
the Nautilidae.

In his revision of post-Triassic nautiloids Spath (1927a) pro-
posed 16 new genera and adopted 5 families, namely the Nautili-
dae d’Orbigny, 1840, the Hercoglossidae Spath, 1927, the Cyma-
toceratidae Spath, 1927, the Paracenoceratidae Spath, 1927, and
the Aturidae Hyatt, 1804, On a straight morphological basis,
the Nautilidae include those genera directly or indireectly in the
main stock giving rise to Nautilus. The Hercoglossidae include
those genera with “"goniatitic’” or very sinuous sutures. The
Cymatoceratidae include those stocks characterized by ribbing
— the only stock of post-Triassic nautiloids with any ornamen-
tation. The Paracenoceratidae are characterized by differentia-
tion of the periphery, and the Aturidae are characterized by
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the unique and peculiar dorsal siphuncle.

There have been no significant changes made to this taxonomic
arrangement since its proposal in 1927. Restudy of the large
nautiloid collections in the British Museum and the Museum of
Comparative Zoology plus a comprehensive review of the litera-
ture have brought forth further data on the range of variation
within the various genera, and also new data on the geographic
and stratigraphic range of most of the speecies described.

The nautiloids reflect no significant change in their evolution-
ary development from the late Paleozoic into the Triassie. In
fact, the evolutionary pattern of Triassic nautiloids is merely
a culmination of trends begun back in the Carboniferous (Kum-
mel, 1953¢). Towards the end of the Triassic most of the long-
lived stocks became extinet. A single persisting stock repre-
sented by Cenoceras survived the Triassic, and it represents
the root form from which, directly or indirectly, all post-Triassic
nautiloids are derived. On examination of the available data on
post-Triassic nautiloids, one is impressed by the essential homo-
ceneity of the group. Distinetive radiations are recognizable,
each representing an elaboration of particular morphological
characters. Homeomorphous developments within the group and
with pre-Jurassic genera are common. The time-space relation-
ships of the post-Triassic nautiloid ‘‘species’” and their mor-
phological modifications, interpreted in terms of adaptive radia-
tion, make possible a constructive phylogenetic interpretation of
the group. The interpretation presented in this report gives a
much clearer understanding of the various generic groups and the
kinds and ranges of variation within the groups. The classifica-
tion adopted reflects the phylogeny of post-Triassic to Recent
nautiloids. The classification used in this report is as follows:

Family Nautilidae d’Orbigny, 1840
Subfamily Nantilinae d’Orbigny
Gienus Nautilus Linné, 1758
"Pype species: Nautilus pompilius Linné
Genus Cenoceras Hyatt, 1883
Type species: Nautilus orbignyi Prinz
Genus Futrephoceras Hyatt, 1894
Type species: Nautilus dekayi Morton
(tenus Psewdocenoceras Spath, 1927
Type speeies: Nantilus largilliertianus d’Orbigny
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Genus Carinonautilus Spengler, 1910
Type species: Carinonautilus artyalurensis Spengler
Genus Obinautilus Kobayashi, 1954
Type species: Obinautilus pulchra Kobayashi
Subfamily Pseudaganidinae nov.
Genus Pseudaganides Spath, 1927
Type species: Nautilus kutchensis Waagen
Genus Pseudonautilus Meek, 1876
Type species: Nautilus geinitzi Oppel
Subfamily Paracenoceratinae Spath, 1927
Genus Paracenoceras Spath, 1927
Type species: Nautilus hexzagonus J. de C. Sowerby
Genus Adulaconautilus Spath, 1927
Type species: Tautilus sexcarinatus Pictet
Genus Somalinautilus Spath, 1927
Type species: Nautilus antiquus Dacqué
Genus Tithonoceras Retowski, 1894
Type species: Tithonoceras zitteli Retowski
Subfamily Cymateceratinae Spath, 1927
Genus Cymatoceras Ilyatt, 1883
Type species: Nautilus pseudoelegans d’Orbigny
Genus Procymatoceras Spath, 1927
Type species: Nautilus subtrunecatus Meorris and Lycett
Genus Cymatonautilus Spath, 1927
Type species: Nautilus julii d’Orbigny
Genus Paracymatoceras Spath, 1927
Type species: Nautilus asper Oppel
Genus Syrionautilus Spath, 1927
Type species: Nautilus libanoticus Foord and Crick
Genus Anglonautilus Spath, 1927
Type species: Nautilus undulatus J. Sowerby
Genus Fucymatoceras Spath, 1927
Type species: Nautilus plicatus Fitton
Genus Heminautilus Spath, 1927
Type species: Nautilus sarbii Morris
Genus Deltocymatoceras n.gen.
Type species: Nautilus leiotropis Schliiter
Genus Epicymatoceras n.gen.
Type species: Nautilus vaelsensis Binekhorst
Subfamily Hercoglossinae Spath, 1927
Genus Hercoglossa Conrad, 1866
Type species: Nautilus orbiculatus Tuomey
Genus Cimomia Conrad, 1866
Type species: Nautilus burtini Galeotti
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Genus Adngulithes Montfort, 1808
Type species: Nautilites triangularis Montfort
Genus Aturoidea Vredenburg, 1925
Type species: Nautilus parkinsoni Edwards
Subfamily Aturinae Hyatt, 1894
Genus Aturia Bronn, 1838
Type species: Nautilus aturi Basterot

Because of the essential homogeneity of post-Triassic nauti-
loids their grouping into a single family — Nautilidae — seems
most appropriate. Thus each of the distinctive radiations from
the main evolving stock is reflected at the subfamily level and
the radiations within the subfamilies are expressed at the generic
level.

Several genera that have been proposed are considered to be
synonyms of previously deseribed forms. Bisiphytes Montfort.
1808, is suppressed because of the great ambiguity connected
with the type species. Sphaeronautilus Spath, 1927, Digonio-
ceras Hyatt, 1894, Ophionautilus Spath, 1927, and Nautilites
Prinz, 1906, are considered to be synonyms of Cenoceras. Her-
coglossoceras Spath. 1927, is considered to be a synonym of
Pseudaganides Spath. The single species assigned to Neocymato-
ceras Kobayashi, 1954, falls within the range of variation of
Cymatoceras and the genus is suppressed. Vorticoceras Scott.
1940, was established before its author knew of Heminautilus
Spath, 1927, and was suppressed by Scott at a later date (Scott,
1943). Platynautilus Yabe and Ozaki, 1953, is a perfect synonym
of Heminautilus. Deltoidonautilus Spath, 1927, is a synonym
of Angulithes Montfort, 1808 (Kummel, 1953a). Enclimatoceras
Hyatt, 1883, is a synonym of IHercoglossa Conrad, 1866 (Spath.
1927a). Woodringia Stenzel, 1940, also is here considered a syn-
onym of Hercoglossa. Paraturia Spath (1927) was proposed
prior to his (Spath's) knowledge of turoidea Vredenburg,
1925, and was shortly thereafter properly suppressed for Afuroi-
dea which has priority.

The basic framework of the above classification is the work
of Spath (1927a) but differs in some important aspects involving
the general interpretation and phylogenetic relationships of
post-Triassic nautiloids. Spath (1927a) originally proposed his
major units as families, but later (1935b) he did use a subfamily
rank while describing a species of Paracenoceras (Paraceno-
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ceratinae). Within the Nautilinae the main difference in the
above classification from that of Spath is placing Angulithes in
the Hercoglossinae, and including Carinonautilus in the Nau-
tilinae, which Spath had placed in the Paracenoceratinae, Also
several genera of Spath’s Nautilidae (Bisiphytes, Sphaeronau-
tilus, Digonioceras, and Ophionautilus) are suppressed or placed
m synonymy of other genera.

The Pseudaganidinae is a new subfamily proposed to dif-
ferentiate those nautiloids with sinuous sutures that arose as a
separate phyletic stock in the early Jurassie, and are distinet
from the Cretaceous-Tertiary radiation including Hercoglossa
cte. Spath (1927a) had included the two genera of the Psenda-
canidinae (Pscudaganides and Pscudonautilus) in the Herco-
elossidae. Irom Spath’s Paracenoceratidae are removed Cari-
nonautilus to the Nautilinac and IHeminautilus to the Cymato-
ceratinae. The subfamily Aturinae includes only the genus
Aturia. The Cymatoceratinae remains essentially as conceived
by Spath except for the inclusion of Heminautilus and two new
genera described in this report.

The relative rarity of post-Triassic nautiloids has led to a
situation where most species have heen described on the basis of
one or very few specimens. To my knowledge, no large collection
representing a population has ever been assembled from a single
horizon and loecality nor are any known where the fossils are
sufficiently well preserved to allow a thorough study of intra-
speeific variation. The great majority of species are defined in
terms of being slightly thinner, fatter or more involute or
evolute than other already established species; or there are
slight variations in the whorl shape or character of the suture.
However, in none of these species is the range of variations in
any of their morphological features known. Because of these
factors, the so-called species of Mesozoie and Tertiary nautiloids
have little reality in terms of our concepts of neontological
speetes. Thus, in attempting to decipher the evolutionary pat-
terns and modes of these nautiloids, it is impossible to use the
species as a working unit. One’s thinking and correlation of data
need to be at the generie level. The species (representing the
named units acenmulated in the literature) when brought to-
cether in generic groups give very useful data in regard to range
and direction of variation, and relative abundance of the various
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adaptive types. Since so many of the so-called species are
merely deseriptions of specimens. they are here treated as ex-
amples of morphologic types brought together into genera —
whieh are the only feasible taxonomice units to handle with this
sort of material. Another difficulty is the complete lack of
understanding of the adaptive values of the varions morphologi-
cal features. Most features of the conch are thought to be
adaptive, but the exact nature of this adaptation is not known.

To properly appraise the evolutionary history of post-Triassic
nautiloids it was essential that all of the named units be brought
together and placed in generic groups. Thus, through the named
units (species), the geologie history and range of variation,
origin, and evolution of each generic group could he interpreted
mm terms of the whole nautiloid fauna. In assembling a list of
deseribed species, there are numerous problems of synonymy and
other taxonomic irregularities that cannot possibly he determined
just from the literature, and it is doubtful at this stage if such
etforts would be worthwhile. Thus in compiling a list of the
speeies of post-Triassic nautiloids most names that have been
introduced are listed, except for several very obvious and long
recognized cases of synonymy. The following list of 531 speeies
of post-Triassic nautiloids eives the units upon which much of
this study is based. Because of the great diffieulty in tracking
down many of these forms the author, date, original generic
assigmuent, and the present generie assignment are given. The
list is reasonably complete hut even after several years of ac-
cumulating these data it is certain that there are still species that
have escaped my attention. This list of forms does represent the
ereat majority and frowm it certain interesting observations on
relative abundance of the various adaptive types can be made.
This problem will be discussed later.

SPECIES OF POST-TRIASSIC NAUTILOIDS

Nautilus (Paracenoceras) acklini Jeannet, 1951 — Paracenoceras
X. adneticus Pin, 1914 — Cenoceras

N. (Hercoglossa) aegyptiacus Foord, 1891 — Angulithes

N. affinis Chapuis and Dewalque, 1853 — Cenoceras

XN. aganiticus Schlotheim, 1820 — Pscudaganides

N. ahltenensis Sehliiter, 1876 — FEutrephoceras

N. alabamensis Morton, 1834 — Aturia
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Aturia aluskensis Schenek, 1931 — Aturia

N. albensis A’Orbigny, 1850 — Cymatoceras
Eutrephoeeras alcesense Reeside, 1927 — Eutrephoceras
N. allani Fleming, 1945 — Eutrephoceras

. allioni Michelotti, 1840 — Eutrephoceras

N. altarvensis Pomel, 1889 — Cymatoceras

N. altifrons Chapman, 1915 — Eutrephoceras

N. altisiphites Prinz, 1906 — Cenoceras

N, amasianus Gugenberger, 1928 — Cenoceras

N ammoni Loesch, 1912 — Pseudaganides

N. amorettii Parona, 1897 — Cenoceras

Cymatoecras andranofotsyense Collignon, 1951 — Cymatoceras
N. anguliferous Schliiter, 1876 — Cymatoceras

N. angustata Conrad, 1849 (in Dana) — Aturia

N. angustus Blanford, 1861 — Cimomia

N. anomphalus Pia, 1914 — Cenoceras

N antiquus Dacqué, 1910 — Somalinautilus
\.applanalus Wanner, 1902 — Pseudocenoceras

N, ararifornis Pia, 1914 — Cenoceras

N. araris Dumortier, 1869 — Cenoceras

V. aratus Quenstedt, 1846 — Cenoceras

N. arcliacianus 4’Orhigny, 1840 — Eutrephoceras

N. arcuatus Deshayes (in Leymerie, 1842 — Angulithes
N, arducnnensis Loesch, 1914 — Paracenoceras

N argoviensis Loesch, 1912 — Pseudaganides
Carinonantilus ariyalurensis Spengler, 1910 — Carinonautilus
N, arthaberi Gugenberger, 1928 — Cenoceras

N. articulatus Pulteney, 1813 (in Cox, 1940) — Cymatoceras
N. asper Oppel, 1865 — Paracymatoceras

N. astacoides Young & Bird, 1828 — Cenoceras

N. atlas Whiteaves, 1876 — Cymatoceras

XN. aluri Basterot, 1825 — Aturia

N. aturioides Pictet, 1867 — Pseudonautilus

twria australis MeCoy, 1867 — Aturia

N. austriacus Hauer, 1856 — Cenoceras

N. averilli Anderson, 1938 — Cymatoceras ¥

N. baberi Morris & Lycett, 1850 — Procymatoceras

N baconicus Vadisz, 1911 — Cenoceras
Deltoidenautilus bakeri Teichert, 1947 — Angulithes

N. balcombeusis Chapman, 1915 — Eutrephoceras

N, balsamocrivellii Parona, 1897 — Cenoceras

Aturia basteroti Benoist, 1888 — Aturia

N. bayfieldi Foord and Crick, 1890 — Cymatoceras
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N. begudensis Kilian and Reboul, 1915 — Anglonautilus

N. bellerophon Lundgren, 1867 — Eutrephoceras

N. berriasensis Pietet, 1867 — Pscudocenoceras
Futrephoccras berryi Miller, 1947 — Eulrcphoceras

Atwria (Aturia) berryi Stenzel, 1940 — Aturia

N. (Adulaconautilus) bicarinatus Jeannet, 1951 — Awdaconantilus
N. bifurcatus Ooster, 1858 — Cymatoccras

Deltoidonautilus biyogorensis 1aas and Miller, 1952 — Angulithes.
N. blakei Avnimelech, 1947 — Cimomia

N. blanfordi Douvillé, 1929 — Eufrephoceras

N. bodeni Lioeseh, 1914 — Pseudaganides

N. boissieri Pictet, 1867 — Eutrephoceras

N. bouchardianus d’Orbigny, 1840 — Eutrephoceras

N. bradfordensis Crick, 1898 — Cenoceras

X, brancoi Gemmellaro, 1884 — Cenoceras

Aturia (Brazaturia) brazocnsis Stenzel, 1935 — Aturia

N. breislacki Parona, 1897 — Cenoceras

N. broitzemensis Miiller and Wollemann, 1906 — Cymatoceras
AAturia (Sphenaturia) briiggeni Thering, 1921 — Aturia

N. brunhuberi Loesch, 1914 — Pseudaganides

Aturia brunlechneri Frauscher, 1895 — Aturoidea

N, bruntrutanae Kuhn, 1936 — Paracenoceras

N. bryani Gabb, 1877 — Eutrephoccras

Cimomia buccinaeformis Haas and Miller, 1952 — Cimomtia
N. burkarti Castillo and Aguilera, 1895 — Hutrephoccras

N. burtini Galeotti, 1837 — Cimomia

N. burtoncnsis Foord and Crick, 1890 — Cenoceras

N. butonensis Martin, 1933 — FKutrephoceras
Deltoidonautilus caheni Miller, 1951 — _Ingulithces

N. calloviensis Oppel, 1838 — Paracenoceras

N, calvimontensis Bédé, 1948 — Angulithes

N. campbelli Meek, 1861 — Cymatoceras ?

N. campichei Karakasch, 1907 — Pscudocenoceras

. cantabrigiensis Foord, 1801 — Cimomia

N. (Cymatoceras) carlottensis Whiteaves, 1900 — Cymaltoceras
N. caroliameghinoi Thering, 1902 — Aturia

Eutrephoceras carolinense Kellum, 1926 — Eutrephoceras

N. (Hereoglossa) cassinianus Foord and Crick, 1890 — Angulithes
N. catonis Gemmellaro, 1886 — Cenoceras

N. cenomanensis Sehliiter, 1876 — Cymatoceras

N. centralis J. Sowerby, 1812 — Eutrephoceras

Aturia charlesworthi Foord, 1891 — Aturia

N. charpentieri Leymerie, 1851 — Eutrephoceras
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N. chilensis Huppé (in Gay) 1854 — Cenoceras

N. chudcawi Douvillé, 1920 — dngulithes

Aturia clarkei Teichert, 1944 — Aturia

. olausus d’Orbigny, 1842 — Pseudaganides

N. clementinus d’Orbigny, 1840 — Eutrephaceras
Cymatoceras colombiana Durham, 1946 — Cymatoceras
N, columbinus Fritsch and Selhlonbach, 1872 — Cimamia
N. compressus Tavani, 1942 — Cymataceras

N. cookana Whitfield, 1892 — Eutrephaceras

A'. cossmanni Vredenburg, 1928 — Cimomia
Paracenoceras costatum Scott, 1943 — Pracymatoceras
Aturia ? coxi Miller, 1947 — Aturia

N. crassiconcha Vogl, 1908 — Cimamia

N. crassisinuatus Crick, 1898 — Pseudaganides

N. crassus Schafhiutl, 1863 — FEutrephaceras

N. crebricostatus Blanford, 1861 — Cymatoceras

N. cubaensis Lea, 1841 — Aturia

Aturia eurrvilineata Miller and Thompson, 1937 —- Aturia
N. cyclotus Oppel, 1865 — Eutrephoceras

N. danicus Schlotheim, 1820 — Hercoglossa
Eutrephoceras dartevellei Miller, 1951 — Eutrephoceras
. darupeusis Schliiter, 1876 — Futrephoceras

N. decipiens Michelotti, 1861 — Eutrephaceras

N. dekayi Morton, 1834 — FEutrephoceras

N. deluci A’ Archiac 1854 — Augulithes

N. demounensis M. Gemmellaro, 1911 — Cenaceras

N. depressus Binckhorst, 1861 — Eutrephoceras

N. desertorum Quaas, 1902 — Eutrephoceras

N. deslongchampsianus d’Orbigny, 1840 — Cymatoceras
Aturia dickersoni Schenck, 1931 — Aturia

Hercoglossa diderrichi Vincent, 1913 — Hercoglossa

N. dietrichi Zwierzycki, 1914 — Eutrephoceras

N. (Paracenoceras) dilatatus Jeannet, 1951 — Paracenoceras
N. dispansus Morris and Lycett, 1850 — Cenoceras ?
Aturoidea distans Teichert, 1943 — Adturaidea

N. distefanoi Gemimellaro, 1884 — Cenoceras

N. divesianus Kuhn, 1936 — Paracenoceras

N. domeykus Ad’0Orbigny, 1842 — Cenoceras

N. d’orbignyanus Forbes, 1846 — Cimomia

. dorsatus Roemer, 1836 — Paracenoceras

N. dorsocxcavatum Parona and Bonarellt, 1897 — Paracenaceras
Eutrephoceras douvillei Spath, 1927 — Eutrephaceras
N. drepanensis Tagliarini, 1901 — Pseudaganides

(]
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. dubaleni Peyrot, 1932 — Eutrephoceras

V. dubius Zieten, 1830 — Ccnoceras

N, duilii Gemmellaro, 1886 — Pseudaganides

N. dumasi Pictet, 1867 — Pscudaganides

N. egregius Pia, 1914 — Cenoceras

N. cichwaldi Karakasch, 1907 — Cymatoceras

N. elegans J. Sowerby, 1816 — Cymatoceras

N. clegantoides d’Orbigny, 1840 — Cymatoceras
Deltoidonautilus elliotti Stenzel, 1940 — Angulithes
N. ellipticus Schafhiiutl, 1852 — Cimomia

N. ennianuwm Dacqué, 1905 — Paracenoceras

N. ercycinus Tagliarini, 1901 — Cenoceras
Heminautilus etheringtoni Durham, 1946 — Heminautilus
N. euthymi Pictet, 1867 — Eutrephoceras

N. ercavatus, J. de C. Sowerby, 1826 — Cenoceras

N. exiguus Crick, 1898 — Cenoceras

N. expansus J. de C. Sowerby, 1824 — Eutrephoceras
N. expletus Zwierzyeki, 1914 — Cimomia

N. exterebratus Crick, 1898 — Cenoceras
LEutrephoceras fuxaense Hyatt, 1894 — Eutrephoceras
N. felir Chapman, 1915 — Futrephoceras

Aturia (Sphenaturia) felschi Ihering, 1921 — Aturia
N. fischeranus Foord and Crick, 1890 — Cenoceras

. fittoni Sharpe, 1853 — Pscudocenoceras

N. flammeus Ronchetti, 1947 — Eutrephocerus

N, fleuriausianus d’Orbigny, 1840 — Angulithes

N. jorbesi d’Archiae and Haime, 1854 — Cimomia
N. forbesianus Blanford, 1861 — Hercoglossa 1
turia formae Parona, 1899 — Aturia

N. formosus Blanford, 1861 — Cymatoceras

N. fourneti Dumortier, 1874 -— Cenoceras

N francomontanus Kuhn, 1939 — Eutrepitoecras

N. franconicus Oppel, 1865 — Pseudaganides

N. (Pseudaganides) frickensis Jeannet, 1951 — Pseudaganides
N. fuscus Crick, 1898 — Somalinautilus

N. gabbi Anderson, 1902 — Cymatoceras

N. galea Fritseh and Schléubach, 1872 — Angulithes
N, galicianus Alth, 1850 — Pseudocenoceras
Hereoglossa gardnerae Stenzel, 1940 — Hercoglossa
Aturia (Brazaturia) garretti Stenzel, 1940 — Aturia
N. geelongensis Foord, 1891 — Eutrephoceras

N. geinitzi Oppel, 1865 — Pscudonautilus

N. geyeri Prinz, 1906 — Cenoceras

-

=
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N. giganteus d’Orbigny, 1825 — Paracenoceras
N. girardoti de Loriol, 1903 — Pseudaganides

N. glaber ¥Foord and Criek, 1890 — Pscudaganidcs
N. gosavicus Redtenbacher, 1873 — Euntrephoccras
Aturia grandior Schenck, 1931 — Aturia

Aturia (Aturia) grangei ¥Fleming, 1945 — Aturia
N. grannlosum d’Orbigny, 1843 — Paraccioceras
N. gravesianus 4°Orbigny, 1843 — Pscudaganides
N. guilielmi telli Qoster, 1858 — Cymaloceras

N. hallidayi Waring, 1914 — Kutrephoceras !

N. hallstattensis Spengler, 1919 — Cenoceras

N. haltomi Aldrich, 1931 — Cimomia

Futrephoceras hannai Vokes, 1937 — Kutrephoceras
Hercoglossa harrisi Miller and Thompson, 1937 — Hercoglossa
N. haughti Olsson, 1928 — Cimomia

’. hazaraensis Das-Gupta, 1916 — Angulithes

N. heberti Binckhorst, 1861 — Cimomia

/. helveticus Loesch, 1914 — Pseudaganides

V. (Cymatoceras?) hendersont Etheridge (1901) — Futrephoceras
N. (Paracenoceras) herznachensis Jeannet, 1951 — Paracenoceras
Cimomia hesperia Miller and Downs, 1950 — Cimoniia
Paracenoceras hexagonoides Spath, 1927 — Paracenoceras

N. heragonus J. de C. Sowerby, 1826 -—— Paracenoceras

N. hilli Shattuck, 1903 — Cymatoceras

N. hunstantonensis Foord and Crick, 1890 — Cymatoceras
Cimomia hunti Haas and Miller 1952 — Cimomia

N. hurleyanus Blanford, 1861 — Cymatoceras

N. imbricatus Crick, 1907 — Cymatoceras

Bisiphytes (Cenoceras) imlayi Kummel, 1954 - Cenoceras

N. impendens Crick, 1898 — Cenoceras

N. imperialis J. Sowerby, 1812 — Cimomia

N. indicum Spengler, 1910 — FKutrephoceras

Hercoglossa innominanda Fleming, 1945 — I ercoglossa

N. inomatus d’Orbigny, 1842 — Cenoceras

N. intermedius J. Sowerby, 1816 — Cenoceras

N. interstriatus Strombeck, 1863 — Cymatoceraxs

N. intumescens Waagen, 1873 — Procymatoceras ?

N. (Javanoceras) intuscatenatus Martin, 1932 — Cimomia

N. izumoensis Yokoyama, 1913 — Eutrephoceras

N. japonicus Shimizu, 1926 — Eutrephoceras

N. javanus Martin, 1879 — Eutrephoceras

Paracenoceras jeanneti Sanchez Roig, 1951 — Paracenoceras
Erutrephoceras johnsont Miller, 1947 — Eutrephoceras

—

—
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Eutrephoceras jonesi Miller and Thompson, 1933 — Eutrephoceras
N. jordani Wanner, 1902 — Cimomia

N. jourdani Dumortier, 1874 — Cenoceras

N. julianus Fucini, 1895 — Cenoceras

N julii A’Orbigny, 1850 — Cymatonautilus

N. jumarensis Waagen, 1873 — Paracenoceras ?

N. Jjurensis Quenstedt, 1838 — Cenorcras

N Jjustus Blanford, 1861 — Eutrephoceras

Cimomia karkarcnsis Maas and Miller 1952 — Cimomia
N, karpinskyi Karakasch, 1907 — Paracymatoccras

N kayeanus Blanford, 1861 — Cymatoceras

.Lturia kerniana Anderson and Hanna, 1925 — Aturia
N. klebelsbergi Loesch, 1914 — Pscudaganides
.dganides kochi Prinz, 1906 — Psewdaganides

turia koenei Cagel, 1928 — Aturia

N. (Cymatoceras) kossmati Spengler, 1910 — Cymatoceras
N, krenkeli Jeannet, 1951 — Pseudaganides

Cimomie kugleri Miller, 1947 — Cimomia

N. kumagunense Waagen, 1873 — Paracenoceras

N, kutchensis Waagen, 1873 — Pseudaganides

N. labechict d’Archiac and Haime, 1854 — Eutrephoceras
N lallierianus d’Orbigny, 1840 — Heminautilus

N. lamarel:ii Deshayes, 1824 — Angulithes

Iercoglossa lamegoi Oliveira, 1953 — Hercoglossa

N landancensis Vineent, 1913 — Cimomia

N largillicrtianus d’Orbigny, 1840 — Pseudocenoceras
Aturia (Brazaturia) laticlavia Stenzel, 1935 — Aturia
N. latifrons Zwierzycki, 1914 — Paracenoceras
Futrephoceras laverdei Durham, 1946 — Eutrephoceras
. ledonicus de Loriol, 1903 — Pscudaganides

N. lchardyi Binckhorst, 1861— Pseudocenoccras ?

N leiotropis Schliiter, 1876 — Deltocymatoceras
Deltoidonautilus lemoinei Miller, 1951 — Angulithes
N. lentiformis Stoliezka, 1866 — Eutrephoceras

N. leonet Negri, 1934 — Eutrephoceras

N. lconicensis de Zigno, 1881 — Cimomia

N. libanoticus Foord and Crick, 1890 — Syrionautilus
N. lineatus J. Sowerby, 1813 — Cenoceras

N lincolatus Foord and Crick, 1890 — Cenoceras
Aturia linicentensis Vincent, 1907 — Aturia 3
Cymatoceras loeblichi Miller and Harris, 1945 — Cymatoceras
N, loricatus Schliiter, 1876 — Cymatoceras

Aturia lotzi Bohm, 1913 — Aturia
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Aturia luculoensis Miller, 1938 — Aturia

Bisiphytes (Cenoceras) lupheri Kummel, 1954 — Cenoceras

. lutatii Gemmellaro, 1886 — Cenoceras

Cimomia macfadyeni Haas and Miller, 1952 — Cimomia

Aturia (Brazaturia) mackayt ¥Fleming, 1945 — Aturia

N. maerocephalus Schafhiutl, 1863 — Cimomia

N. (Cymatoceras) madagascarensis Yabe and Shimizn, 1924 — Cymatoceras
Hercoglossa madgascariensis Collignon, 1951 — Hercoglossa

V. malbosi Pictet, 1867 — Pseudonautilus

V. malherbii Terquem, 1855 — Cenoceras

N. manissadjiani Gugenberger, 1928 — Cenoceras

N. manuanensis Crick, 1907 — Cymatoceras

Hercoglossa maracaiboensis Miller and Collinson, 1951 — Hercoglossa
N. martani M. Gemmellaro, 1911 — Cenoceras

N. marii Gemmellaro, 1886 — Cenoceras

Eutrephoceras marksi Miller, 1947 — Futrephoceras
Paracenoceras marocense Miller and Collinson, 1952 — Paracenoceras
N. marucoensis Giovine, 1950 — Eutrephoceras

Cimomia marylandensis Miller and Thompson, 1933 — Cimomia
Aturia mathewsonii Gabb, 1864 — Atwroidea

N. mazzarensis Tagliarini, 1901 — Cenoceras

Hercoglossa meglameryae Miller and Thompson, 1933 — Hercoglossa
Hercoglossa merriami Dickerson, 1914 — Hercoglossa

N. metafleuriausi Douvillé, 1929 — Eutrephoceras

N. meyrati Ooster, 1858 — Cenoceras

XN. mikado Krenkel, 1910 — Cymatoceras

Paracymatoceras millert Humphrey, 1949 — Paracymatoceras 1
N. mjatschkowanus Loesch, 1914 — Paracenoceras

" mojsisovicsi Neumayr, 1870 — Cymatonautilus

N. mokattamensis Foord, 1891 — Cimomia

N, molli Douvillé, 1920 — Angulithes

Eutrephoceras montanensis Kummel, 1954 — Eutrephoceras

N, montmollini Pictet and Campiche, 1859 — FEutrephoceras

N. morcaui d’Orbigny, 1842 — Paracenoceras

Aturia morrissi Michelotti, 1847 — Afuria

Paracenoceras mullerriedi Sanchez Roig, 1951 — Paracenoceras
N, owultiseptatus Foord and Crick, 1890 — Cenoceras

N munieri Choffat, 1886 — Angulithes

cAturia myrlae Hanuna, 1927 — Aturia

Aturia narica Vredenburg, 1925 — Aturia

N. nebrascense Meek and Hayden, 1862 — Cymatoceras

N. neckerianus Pictet, 1847 — Cymatoceras

N. negama Blanford, 1861 — Cymatoceras

.
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N. negritensis Olsson, 1928 — Cimomia

N. neocomiensis A’Orbigny, 1840 — Cymatoeeras

N. neohispanicum Burekhavdt, 1925 — Cymatoceras

N. neubergicus Redtenhacher, 1873 — Eutrephoceras

N. obesus J. Sowerby, 1816 — Cenoceras

. obstruetus Deslongehamps, 1878 — Cenoceras
Nautilus (Cymatoceras?) occlusus Crick, 1907 — Cymatoeeras
Atwroidea olssoni Miller, 1947 — Aturoidca

N. oppeli Zittel, 1868 -— Pscadaganides

N.orbicwlatus Tuomey, 1854 — Hercoglossa

N. orbignyi Prinz, 1906 — Ccnoceras

Eutreplioceras orcgonense Miller, 1947 — Euirephoceras

=

N. ornatus Foord and Crick, 1890 — Cenoceras

N, ornatus var. atanatonsis Pia, 1914 — Cenoceras
Eutrephoeeras ovoldewm Crick, 1907 — Iatrephoeeras
Aturia panamensis Miller, 1947 — Atuwria

N. parabolicus Schafhiiutl, 1863 — Angulithes

N. parallelus Schafhiiutl, 1863 — Cimonia

N, paretoi M. Gemmellaro, 1911 — Cenoceras

N. parisicnsis Deshayes, 1866 — Eutrephoceras

N. park:insoni Edwards, 1849 — Aturoidca

AAturia paronai Rovereto, 1900 — Aturia

N, patens Kuer, 1850 — Cymatoecras

N. paucifer Cope, 1866 — Afuroidea

N. parlowi Arkhanguelsky, 190+ — Hercoglossa

N, pellerensis Vialli, 1937 — Pscudaganides

. perinflatus Foord and Crick, 1890 — Cenoceras

N. perlatus Morton, 1834 — Kutrephoceras

N. pernambucensis Maury, 1930 — Cimomia

N. perornatus Crick, 1894 — Cenoceras

\. perstriatus Steuer, 1921 — Cymatoceras

. pertertus Dumortier, 1867 — Cenoceras

AAturia peruviana Olsson, 1928 — fturia

Herveoglossa peruriana Berry, 1923 Hercoglossa

N. (Hercoglossa) phosphaticus Bédé, 1933 — Cimomia
N. pieteti Karakasch, 1907 — Pseudocenoceras
XN, pieteti Oppel 1865 — Aulaconantilus

N. piersantii Sergio, 1933 — Eutrephoccras
Aturoidea pilsbryi Miller and Thompson, 1935
. pisanus Fucini, 1895 — Cenoceras
Eutrephoceras planoventer Stephenson, 1941
. plicatus Fitton, 1835 — FKueymatoceras
N. polygonalis J. de C. Sowerby, 1826 — Cenoceras
Hercoglossa popenoei Miller and Downs, 1950 — I ercoglossa

Aturoidea

Eutrephoceras
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N portlandicus Foord and Crick, 1890 — Pseudaganides
N. postriatus Prinz, 1906 — Cenoceras

Aturia pracziczae Oppenheim, 1903 — Aturia

Atwria preaturi (Cuvillier) 1935 — Aturia

N. profundisiphites Prinz, 1906 — Cenoceras
Paracenoceras prohexagonwm Spath, 1935
N. (Cymatoceras) pscudoatlas Yabe and Shimizu, 1924 — Cymatoceias
N. pseudobouchardianus Spengley, 1910 — Cimontia

N. pseudoelegans d’Orbigny, 1840 — Cymatoceras

", pseudolineatus Foord and Crick, 1890 — Cenoceras

N. (Cymatoceras) pseudonegama Spenglev, 1910 — Cymatoceras
Cymatoceras pseudoneokomiense Shimizu, 1931 — Cymatoceras

Paracenoceras

-

N. pseudorugosus Pia, 1914 — Cenoceras

N. pseudotruncatus Crick, 1921 — Cenoceras

N. (Pscudaganides) pulehellus Jeunnet, 1951 — Psendaganides
Obinautilus pulchira Kobayashi, 1954 — Obinautilus
Cimomia pusilla Haas and Miller, 1952 — Cimomia

N quadrangularis Pia, 1914 — Cenoceras

N, quadrilineatus Favre, 1869 — Futrephoceras
Atwria radiata Bellardi, 1872 — Aturia

N radiatus J. Sowerby, 1822 — Cymatoceras

N, rangei Hoppe, 1922 — Heminautilus
Eutrephoceras reesidei Stenzel, 1940 — Eutrephoceras
N. regalis J. de C. Sowerby, 1843 — Eutrephocecras
N. regularis Schafhiutl, 1863 — Entrephoceras

N. restrictus Griepeukerl, 1889 — Eulrephoceras

N. resupinatus Redtenbaclher, 1875 — Eudrephoceras
N. rhodani Roux, 1848 — Paracenoceras

Atwria richardsi Miller, 1947 — Aturia

N ricordeanus 1’Orbigny, 1847 (in Kiiian and Reboul 1915) — Hercoglossa?
N. robaostus Foord and Crick, 1890 — Cenoceras

N. rocimeri Loesch, 1914 — Pseudaganides
beltoidonantilns rogeri Miller, 1951 — Angulithes

N, rogeri Loesch, 1914 — Pseudaganides

N. rollundi Leymerie, 1846 — Angulithes

N rollieri Loesch, 1914 — Paracenoceras

N. romeroi Thering, 1903 — Cimomia

N. rota Blanford, 1861 — Paraucymatoceras
Digonioceras rotundum Hyatt, 1894 — Cenoceras

N. rotundus Crick, 1898 — Cenoceras

Aturia rovasendiana Parona 1899 -—- Aturia

N, royeri de Loriol, 1872 —— Pscudaganides

N, rugatus Fritseh and Schlonbaeh, 1872 — Poltocymatoceras

N, rugosus Buvignier, 1852 — Cenoceras
a ,
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N. sahariensis Keller, 1932 — Cimomia
Chymatoccras sakalavum Collignon, 1949 — Cymatoceras
N sanfilippoi Sorrentino, 1932 — Eutrephoceras
N, sattleri Krenkel, 1910 — Paracenoceras

N. saussureanus Pictet, 1847 - - Cymatoceras

. sarbii Morris, 1848 — Heminautilus

V. seeequrensis Tuvani, 1942 — Cymatorceras

N, schattenbeorgi Kuhn, 1936 — Parace noceras
N. sehlosseri Loesch, 1914 — Pscudaganides

N. schiotheimi Lo sch, 1014 -— Psecudaganides
N. sehlurnbergeri Terquem, 1855 — Cenoceras

N sehmidti Giebel, 1832 — Cenoceras

N. schneidi Locsch, 1914 - = Pscudaganide s

N. schusteri Loesch, 1912 - Paraccuoceras

N. sehwalmi Priuz,. 1906 - - Cenoceras

N. schweinfarthi Quias, 1902 — lhwroidca

N, selwestschilage ri Loesch, 1912 — Pseudaganide s
N.sceernendus Pia, 1914 — Cenoeeras

N scelandi Penecke, 1884 — Cimomia

N. (Cymaloccras) scmilobatus Spengler, 1910 -— Cymatoreras
N. semiornatns Crick, 1898 — Cenoceras

N sendstriates °Orbigny, 1843 — Cenoceras

N. semivndatus Foord, 1801 — Cymatoceras

N scmseyi Prinz, 1904 — Cenoceras

N, scnegalensis Douvillé, 1920 — dngulithes

Cimonia septemeastrensis 1aas and Miller, 1952 — Cimomia

N. scrpentinus Blanford, 1861 — Adturoidea

N, ~sercarinatus Pictet, 1867 — Aulaconautilus

N. sharpet Schliiter, 1876 — Cymatoeeras

N, sicilus Gemmellaro, 1868 — Paracenoceras

1 ereoglossa siniensis Vokes, 1937 — Hercoglossa
Eatrephoecras simile Spath, 1953 — Lutrephoceras

N, simillimus Foord and Crick, 1890 — Cenoceras

N. sindiensis Vredenburg, 1928 - — Cimomia

Pcltoidonautilus singularis Haas and Miller, 1952 - - Angulithes
N. sinuatoplicatus Geinitz, 1843 — Cymataceras !
. sinnatus Sowerby, 1818 — Pscudaganides

N. sinuosus Roemer, 1836 — Paracenociras
Eutrephoceras sloani Reeside, 1924 — Eutrephoceras
N, smithi Foord and Crick. 1890 — Cenoceras

N. somaliensis Newton, 1925 — _Angulithes

Aturia somaliensis Haas and Miller, 1952 — Atwuria
N, sowerbyanus A°Orbigny, 1840 — dngulithes

N. sowerbyi Wetherell, 1836 — ingulithes
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Deltoidonautilus spathi Haas and Miller, 1952 — Angulithes
N. (Paraturia) spathi Vredenburg, 1928 — Aturoidca

N. sphaevicus Forbes, 1546 — FEutreploceras

Woodringia splendens Stenzel, 1940 — I creoglossa

N. spreaficoi Parona, 1897 — Cenoceras

N. staadti Cossmann, 1902 — Eutrephoceras

N. staffelbergensis Kuhn, 1936 — Paracenoceras
Vorticoceras stantoni Scott, 1940 — Heminautilus

N. steinmanni Moricke, 1894 — Cenoceras

N. stephensoni Dickerson, 1914 — Eutrephoccras

N. steveni Karakaseh, 1907 — Fucymatoceras

N, stoppanii Parona, 1897 — Cenoceras

N strambergensis Oppel, 1865 — Pseudaganides

N. straticostatus Crick, 1907 — Cymatoceras

N. striatus J. Sowerby, 1817 — Cenoceras
N.ostrictcumbilicatus Stehépinsky, 1943 — Eutrephoceras
N. stromeri Loesch, 1914 — Pseudaganides

N. stschurouskii Milascheviteh, 1877 — Eueymatoceras

N. sturi Hauer, 1856 — Cenoceras

N. subalbensis Sinzow, 1913 -— Anglonautilus

N, subbiangulatus d’Orbigny, 1850 — Pseudaganides
N.subfleuriausianus d’Archiae, 1850 — Angulithes

N. (Paracenoceras) subheragonus Jeannet, 1951 — Paracenoceras
Eutrephoceras subinflatus d’Orbigny, 1850 — Eutrephoeeras
N. sublaevigatus ’Orbigny, 1840 — Futreploceras

N subplicatus Philippy (in Sleinmann, 1895) — Eutrephoceras
Cimomia subrecta Miller and Thompson, 1933 — Cimomia
N. subrotundus Crick, 1898 — Cenoceras

N.osubsiuuvatus 4°Orbigny, 1850 — Pscudaganides

N subtruncatus Morris and Lycett, 1850 — Proeynatoceras
N. subtruneatus Prinz, 1906 — Cenoceras

N. snciense Whiteaves, 1879 — Cymatoceras

Cimomia sudanensis Milter, 1951 — Cimomia

N. szontaghi Vogl, 1910 — Futreploceras

N, tamulicus Kossmat, 1897 — Angulithes

N tenauicostatus Schlitter, 1876 — Cymatoceras

N. terelratus Dumortier, 1874 — Cenoceras

Cimomia tessieri Miller, 1951 — Cimomia

N, teranum Shumard, 1860 — Paracymatoceras
Eutreploceras thomi Reeside, 1927 — Eutreplhoceras

N thyrrenus Tagliarini, 1901 — Cenoceras

N. toarecnsis d’Orbigny, 1849 — Cenoceras
Deltoidonautilus togoensis Miller, 1951 — Angulithes
Aturia tokunagai Shimizu, 1926 — Aturia

=1




KUMMEL : POST-TRIASSIC NAUTILOID GENERA

N. tourtiae Schliiter, 1876 — Cymatoceras

Aturia (Brazaturia) triangulata Stenzel, 1935 — Adiuria
XN. triangularis Montfort, 1802 — Angulithes

N, tricarinatus Vadéasz, 1911 — Cenoceras

N, trichinopolitensis Blantord, 1861 — Paracymatoceras
N. truneatus J. Sowerby, 1816 — Cenoceras

N. tskaltsithelensis Rouchadzé, 1931 — Cymatoceras
Neocymatoeeras tsukushiense Kobayashi, 1954 — Cymatoeeras
N. tubingensis Loesch, 1914 — Pxeudaganidcs

N. tumescens Frauscher, 1895 — Futrephoceras
Iercoglossa tuomeyi Clark and Martin, 1901 — Hercoglossa
N. turcicus Krumbeck, 1905 — Cimomia

N. turkeryi Gemmellaro, 1886 — Pseudaganides

Aturia (Brazaturia) turneri Stenzel, 1940 — Adturia
Platynautilus tydsiensis Yabe and Ozaki, 1953 — Heminautilus
Eutrephoceras uitenhagense Spath, 1930 — Eutrephoceras
Enclimaioceras ulrichi White, 1882 — Hercoglossa

N. wmmbilicaris Deshayes, 1835 — Lutreplkoceras
Cymatoceras undulatiformis Spath, 1927 — Cymatoceras
N. undulatus J. Sowerby, 1813 — Anglonautilus

N. urbanus J. de C. Sowerby, 1843 — Lutrephoceras

N. vaclsensis Binckhorst, 1861 — Epicymatocerus
Nautilopsis vanuremi Conrad, 1847 — Aturia

N. vastus Kner, 1850 — FEutrephoceras

N. vraughani Gardner, 1923 — Cimomia

XN. ventroplicatus Foord, 1891 — Cymatoceras

Cimomia vestali Miller and Thompson, 1933 — Cimontia
N. vicentinus Oppenheim, 1901 — Eutrephoceras

N. victorianus Teichert, 1943 — Eutrephoceras

Aturoidea ricirai Miller, 1951 — Aturoidea

N. vinassai Venzo, 1937 — Eutrephoccras

N. (Cymatoceras) virgatus Spengler, 1910 —- Cymatoceras
V. volgensis Nikitin, 1888 — Paracenoceras

V. waaaeni Gemmellaro, 1896 — Cenoceras

Hercoglossa walteri Miller, 1947 — Hercoglossa

N. wandaense Waagen, 1873 Paracenoceras
Hercoglossa waringi Miller, 1947 — Hereoglossa

N. westphalicus Schliiter, 1872 — Angulithes

XN. (Paracenoceras) wilmae Jeannet 1951 — Paracenoceras
N. woodsi v. Hoepen, 1921 — Cymatoeeras

N. wyllei Newton, 1925 — Cimomia

Aturia yokoyamai Nagao, 1926 — Afuria

N, ziczae J. Rowerby, 1812 — Aturia

N. zignoi Gemmellaro, 1886 — Cenoceras
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. zitteli Genunellaro, 1886 — Cenoceras
Tithonoceras zitteli Retowski, 1894 — Tithonoceras
The following are species for which the available data is insuf-
ficient to place them in a generie group with any degree of
certainty.
N. astierianus d’Orbigny, 1550
N. delphinus Forbes, 1846
N, [ricator Beck, 1835 (nomen nudum)
N. hartmanni Loesch, 1914 (nomen nudum)
N. herbertinus d’Orbigny, 1850
N. inaequalis J. Sowerhy, 1813
N krenleeli Loesch, 1914 (nomen nudum)
N. marcoui 4’Orbigny, 1850
N, matheronienus d'Orbigny, 1841
. onau/ragus Craiging 1905
" nobilis Miinster (see Foord, 1891, p. 326) (nomen nudum)
. normannicas Loesch, 1914 (nomen nudnm)
" pscudoganiticus Loesch, 1914 (nomen nudum)
" renssit Fritseh and Sehlonbach, 1872
. staffelbergensis Loesel, 1914 (momen nudum
. smatranus Zwierzycki, 1915
. tenuiplanetus Dana, 1549
. valeneicnnii Hupé (in Gay, 1834
. rarusensis d 'Orbigny, 1850
cwepferi Loeseh, 1914 (nomen nudum)

22 2 e b

EVOLUTION

Evolutionary patterus, characterized by almost complete ex-
tinction followed by adaptive phases with both eruptive and
stable periods, are well displayed 1 the general listory of the
Cephalopoda.  Few other invertebrate groups display suel
marked expansion and coutraciion in their evolution. Within
the ammonoids, periods of abrupt contraction, characterized by
mass extinction of wost evolving lines, oceurred in the late
Permian and in the late Triassie. Complete extiietion of the
oroup came at the end of the Cretaceous. Within the ammonoids
cach of the two carlier periods of near extincetion was followed
by an even greater evolutionary radiation. This is well illus-
trated by the nnmber of genera mvolved in each of these phases:
there ave 172 genera of ammonoids of Devonian to Permian age,
370 in the Triassie, and 1223 in the Jurassie and (‘retaceous.
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There is some parallelism to the ammonoid history in the
evolution of the nantiloids; however, in the latter gronp instead
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of an ever expanding evolutionary complex, the nautiloids ex-
perienced their widest radiation in the Ordovician relatively
soon after their appearance in the Upper Cambrian. Soon after
this period of maximum expansion, there set in a steady, gradual
contraction in nmunbers and diversity of taxonomic units (Fig.
1). There is no wave of extinetion toward the end of the Paleo-
zoic; in fact the whole evolutionary pattern of Triassic nautiloids
is really a culmination of trends begun back m the Carboniferous
(Kummel, 1953¢). Thus the evolutionary phases at the transi-
tion trom the PPaleozoic to the Mesozoie are quite different in
the ammonoids and the nautiloids, IHowever, toward the end of
the Triassic most of the long-persistine Carboniferous to Triassic
stocks beeame extinet. This phase of the evolutionary history
of the nautiloids has recentiy heen discussed by Kumiel (1953¢).
There are, in fact, no Rhaetic nautiloids known,

The earliest marine Ceposits of the Jurassic contain a very
homogeneous nautiloid jauna of nearly world-wide cistribution.
[nsofar as nautiloids are coneerned, there must have existed
at the transition period from the Triassic to the Jurassic an
ecologic vacuum. A single stoek survived this transition period
from the Triassic (Kummel, 1953h), and in the early Jurassic
(Lias) an intensified and new evolutionary radiation took place
(Fig. 2). The carly Jurassic stocks are quite clearly of a single
genetic complex, but at the same time show a wide adaptive
range in terms of conel shape, size, suture, and shell characters.
All these features reflect and express the wide adaptive radiation
that took place at this tinie. Whereas there is very little factual
data available as to the adaptive significance of most morphologi-
cal features it scems only lovical to conclude that the various
conch shapes, ete., represent adaptations to a specifie niche in
the warine environment. The repopulation of the early Jurassic
scas by nautiloids was uninhibited as far as other nautiloid
aroups are concerned, and the diversity of conch types is cogent
testimony to the adaptation to and occupation of many environ-
niental niches.

Eruptive phases expressed in terms of great plasticity of a
eroup are guite common among the ammonoids. Spath (1934, p.
19) has drawn attention to the “sudden hurst of Gephurocera-
tids in the Upper Devonian of the Demanik, Southern Timan.
In that locality there appeared in large numbers depressed and
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compressed, smooth and ornamented, evolute and involute.
rounded, square, or acute-ventered forms, and even highly

O
)
Nl
<|2
Q|5
D)
= )
5 jo)
2 B! 3
3 =) 3
= =1 =
B 2 E
Ols 1 o a5
S | L k!
— |2 I @ =
— ! (=] o
wn|s lg! 2 .
= b =
2 §_ = 3 ‘ ! = ) 2
c .8 = -8 O le)
<{|2 = = = = =4
S O O =] = =
—|3 @ <|Cenoceras | & S
= O Q d o o
s <3 gl trechmanni} & =
K = g = =
H&  |& |0 = T
2
=
=
(}; r

Fig. 2. Phylogenetic diagram illustrating the relationships of the Liassie
Nautilidae with the Triassic nautiloid families. The columns representing
the Triassic fawilies have been terminated at an arbitrary even line in the
Norian. The exact relative extinetion dates of these families in the Norian
are not known.

specialized oxyeones’™ (See Holzapfel, 1599). A similar situa-
tion is found with the early Triassie ophiceratids of the Hima-
lavas (Diener, 1897) and Greenland (Spath, 1930a. 1935a). More
examples can be found within the Jurassic and Cretaceous am-
monoids.
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Most early Jurassic nautiloids are here considered species
of a single genus, Cenoceras. The earliest species of (‘enoceras.
(. trechmeunui. is from Carnian strata of New Zealand and is
derived from the Syringonautilidae (Kummel, 1953b). No
species of auy other Triassie stock survived into the Jnrassie.
In the Lias there is thus a world-wide fauna of involute to
evolute, strigate to smooth forms with a wide range in whorl
shapes — a genetic complex of great plasticity. From this homo-
geneous but plastie stock thiere arose from diverse parts of the
complex several distinet evolutionary lines built on specializa-
tion of oue or more morphological features. From this Cenoceras
complex arose the persisting stable stock (Futrephoceras) which
vave rise to other mentbers of the Nautilinae. Likewise the
Pseudaganidinae, Paracenoceratinae aund most probably the
Cymatoceratinae arose directly out of the Ceuoceras complex
(Fig. 3).

The Pseudaganidinae arve characterized by their sinnous su-
tures. In this respeet they are adaptive tyvpes like the Triassic
(Clydonautilidae, Gonionautilidae, and Siberionautilidae. They
are likewise similar to these Triassic groups in that they show
stability in the general form and patterns of the suture and
ereat variability in conch shape. The Psendaganidinae range
from the Liassic into the Lower Cretaceous. There are only two
genera involved in this radiation, of which Pscudaganides is the
main hne and Pscudonaubilus is a specialized offshoot of Upper
Jurassie and Lower Cretaceous age. In the evolutionary history
of the nantiloids from the Carboniferous to the Recent, adaptive
trends expressed in terms of sinuous — *‘goniatitic” — sutures
oceurred at fonr separvate times, The first is known through
the genus Pcrmoceras Miller and Collinson based on Adganides
bitauniense Ianiel from Middle Permian strata of Tihnor. In
my opinion. Pcrumoccras is related to the Grypoccras-Doma-
toceras evolving stock and is an aberrant development of this
stock. Grypoceras (Plumnmeroceras) Kunimel (1953¢) likewise
had a highly sinuous suture with a deep ventral lobe and a deep
lateral lobe but it has a very evolute coneh. The second radiation
repeating this adaptive trend is that in the Upper Triassic in-
cluding the (lydonautilidae, Gonionautilidae and Siberionautili-
dae. All of the genera of these families include species with very
involute conchs but show great variability in conch shape. The
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only other Triassic species with a ‘“goniatitic’” suture is Cly-
menoncutilus chrlichi Mojsisovies which in all features but the
suture is allied to the Syringonautilidae. The suture however has
a deep, tongue-shaped, narrow, lateral tobe. The Upper Triassic
families listed above which include those involute species with
highly sinuous sutures, evolved from involute, smooth forms
with nearly straight sutures (Paranautilidae).

The third radiation of this series is that of the P’sendaganidi-
nae of Lower Jurassic to Lower Cretaceous age. This group
evolved out of some part of the C'cuoceras complex in the Lias.
There is almost perfect lLomeomorphy hetween Permoceras
bitauniense Ianiel of the Middle Permian and Psendonautilus
geinitzi Oppel of the Upper Jurassic (Miller and Collinson,
1953). Each however represents similar adaptive types from
different root stocks and they are not related.

The fourth and last radiation centered on the sinuosity of
the suture is that of the Iercoglossinae and Aturinae. The
Aturinae with its single genus .furia is a very specialized de-
velopment out of the ITercoglossinae. The specialization in this
case is not so much on a further elaboration of the suture but
in the development of the peculiar dorsal siphuncle. Within
the Ilercoelossinae there is a beautiful developmental series
(usually treated as genera) showing eradual increase in sutural
complexity. The subfamily has its origin within the stable
evolving stoek of the Nautilinae vepresented by Eutrephoceras
which is characterized by an involute smooth conch with straight
or shightly sinuous sutures. Cinonla of the ilercoglossinae has
a slightly more individualized suture and is gradational with Fu-
treploceras, as it is also with Ilercoglosse which has very distinet
lobes and saddles. Augalithes is merely a sagittate development
of these forms. In Aturoidca the sutural individuality is earried
slightly farther.

The Paracenoceratinae is @ small subfamily of mainly Jurassic
age with four genera characterized by specialization of the venter.
The main stock of this subfamily, Paracenoceras, is nearly world-
wide in distribution and has by far the largest number of species.
The other genera, namely Sowmalinaulilis, dulaconautilus, and
Tithonoceras are more highly specialized forms with few known
species. In Parvaccuoceras the whorl section is subtrapezoid,
generally with a broad, sulcate venter. Nowalinoutilus has angu-
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lar ventral shoulders but a broad arched venter. Aulaconautilus
has four or more longitudinal ribs. In this respect it is homeo-
morphous to Aulamefaecoceras of the Permian and Triassic.
T'ithonoceras has prominent rounded ventrolateral keels with a
sulcate venter. Paracenoceras and Somalinautilus are undoubt-
edly derived from distinet elements of the Cenoceras complex
but Aulaconautilus and Tithonoceras appear to be specialized
developments of Paraccnoceras.

One of the most successful and diverse groups to stem directly
or indirectly from the C'enoceras complex is the Cymatoceratinae.
This subfamily comprising 10 genera ranging from the Juras-
sie to the mid-Tertiary is characterized by eonchs hearing ribs.
This 1s the only group of post-Triassic nautiloids to have orna-
mentation, aside from Awuleconautilus of the Paracenoceratinae.
Radiation within the Cymatoceratinae is reflected in the shape
of the concu, suture and ornanentation. The main evolving
stock, Cymatoceras, has an involute, rounded conch with only a
slightly sinuous suture. Most of the other genera of this sub-
family are thought to represent various specialized groups de-
rived from Cymatoceras. Paracymatoeeras has a more sinuous
suture, in fact much like that of Hercoglossa, and on even this
feature it is gradational with Cymatoceras. Those forms dif-
ferentiated on the basis of conch shape include Heminautilus,
Deltocymatoceras (n. gen. p, 438). Epicymatoeeras (n. gen. p.
439) and Cymatonautilus. Herminautilus has a compressed in-
volute eonch with a highly sinuous suture, that has deep ventral
and lateval lobes. Deltoeymatoceras is a homeomorph of Angu-
lithes with a sagittate whorl section. Epicymaetoceras has an
evolute, highly compressed conch with a subrectangular shorl
seetion. Cymatonautidus has a concave venter and concave lat-
eral areas. Those genera ditferentiated on the basis of modifica-
tion of the ribbing pattern include Luecymatoceras, Anglonau-
tilus, Procymatoceras, and Syrionautilus. In Euecymatoeeras the
ribs form prominent V-shaped salients on the venter and flanks.
In Anglonautilus there are coarse tolds on the venter whereas
Proeymatoceras has a rapidly expanding robust eonch with
ribs mainly on the lateral areas. Syrionautilus has peculiar
shaped ribs with wide interspaces like that of Proelydonautilus
spirolobus of the Triassic. Cymatonautilus and Proeymatoceras
are Jurassic developments, the remaining genera mostly Cre-
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taceous. In fact the most widespread and characteristic nautil-
oids of the ('retaceous are genera of the C'vmatoceratinae.

Thinking of the Cymatoceratinac as representing a single
eenetic unit with its origin within the ('cioceras ecomplex, and
having as the baste common denominator the ribbing pattern, all
of the diverse morphologic types represented by the various
eenera refleet a broad adaptive radiation which produced numer-
ous homeomorphs of other genera of the Nauntilidae.

The most persistent stock evolved from the early Jurassic
Cenoceras complex is that of Futrephoceras. This genus has a
world-wide distribution and ranges in time from the Upper
Jurassie to mid-Tertiary. It and Cynatoceras are the most con-
mon post-Triassic nautiloids. Some 90 so-called species, assigned
to this genus, have been deseribed. The genotype has a tightly
involute, subglobular, smooth conch with a nearly straight
suture. This baste, very simplified, conclr pattern becamme modi-
fied either by greater compression, depression or by slightly
looser coiling. The variants, however, on the basis of the record
available appear to be completely random in their chronologic
or geographic distribution. Each such variant has usua'ly been
treated as a distinct species. The geologic record thus shows the
occurrence of nautiloids with the basie, simplified, globose conch
persisting from Upper Jurassie to mid-Tertiary time and with
numerons variants of this basie pattern.

Wherecas the suture is generally straight or nearly so there are
eradational forms to Cumomia. Data are not available as to
whether theve is any particular chronologic or gcographie rela-
tionship in regard to the sntural variants, which appear to he
completely random as is the case with conch form.

The eutrephoceratids are thus a persisting generalized stock
whieh arose from the Cenoceras complex, and they show no par-
ticular adaptive trends thronghout their history. They do show,
however, a certain variability in conch shape and suture. The
group has the longest range of any of the post-Triassic nau-
tiloids. Tt is from this persisting generalized form that the re-
maining more specialized genera and subfamilies arose. The
most important offshoots are the genns Nautilus and the whole
subfamily Hercoglossinae. The nature of the evolutionary pat-
tern from Eufrephoceras to Cimomia is not easy to decipher.
The only significant difference is the degree of sinuosity of the
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suture, that in Lutrephoceras being straight, or nearly so, and
that in Chinoniia havine a distinet lobe and saddle on the lateral
arveas. There are gradational forns between these two genera,
The time range of the two genera is approximately the same,
Cimoniia being slightly vounger in origin. It seems quite clear
that Cimomia arose rom Kutrephoecras but whether or not there
was a single time and point of origin in the late Jurassic, or if
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Fig. 4. Bar chart showing total number of genera of nautiloids present
in each series of the Mesozoic and Tertiary (light stippling) and number
of new genera appearing for the first time in each series (dense stippling).
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there were numerous times of origin, throughout the Cretaceous
and Tertiary cannot be told from the kind of data available.
The alternatives are a parallel evolutionary pattern of the two
egenera or a consideration of these transitional forms of suture
(Cimomia) as a form genus including numerons distinet radia-
tions from the eutrephoceratid evolving stock.

Iterative patterns of evolution are recognized within the Car-
boniferous through Triassi¢ nautiloids. With these nautiloids
three main, slowly-evolving, persisting stocks arve recognized,
namely the Domataceras-Grypoceras line, the Metacoceras-Mojs-
varoceras line, and the Liroceras-Paranautilus line. Each of
these stocks has a relatively large number of species (which is
merely an indication of relative abundance) and is widespread
eeographieally. Throughout their history theyv show only rela-
tively minor evolutionary changes. Each of these lines repre-
sents a stable, slowly-evolving, but persisting parent stock of
their particular family groups. These lines are the evolutionary
reservoirs from which other, generally more specialized, groups
evolved. The oftshoots most often are adaptations accentuating
one or more generalized characters of the parent stock. Most of
the offshoots are forms with few speeies and limited geographie
range. However, some of these offshoots hecame in themselves
virile, evolving stoeks, each with a wide adaptive range and
many species (e.2. Plenronautilidae from the Metacoceras-Iojs-
raroceras line and the Clydonautilidae from the Liroceras-Para-
natilus line) .

The Eutrephoceras stock gave rise to four other small and
aberrant groups, Pseudocenoccras, Obinautilus, Carinonautilus,
and Nautilus. Pscudocenoceras is a eompressed form somewhat
evolute and with an arched venter, flattened sides and steep
umbilical shoulders. Carinonautilis is a much compressed form
with a prominent rounded keel. 1t is a monotypie form from
Upper Cretaceous strata of South India. Obinautilus is another
monotypie form recently described by Wobayashi from Oligoeene
strata of Japan. It is a much compressed involute form with
a shallow but distinet furrow on the venter. This genus is still
very incompletely known since on the type and only available
specimen neither the suture nor position of the siphunele is
preserved.

No fossil species are assigned to the genus Nawtilus. No Plio-
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cene or Pleistocene nantiloids are known. Several species of
Eocene, Oligocene, and Miocene age have been at times assigned
to Nautilus but all of these are here considered as having eloser
affinities to the persistine cutvephoceratid stock than to modern
species of Nautilus.

TABLE 1
o £ = B B o e
g = < = [=! Z

Z 2 5 S5 £ & F BB &
Cenoceras X X
Jutrephoceras X X X X X
Pscudocenoce o X X
Carinonauntilus X
Obinantilus X
Nautilus X
Psendaganides X X X
I’secudonautilus X X
>aracenoceras X X X
Aulaconautilus X
Tithonoceras X
Somalinautilus XX
Cymatoceras X X X
Paracymatoceras X X N
Procynuitoceras X
Cymatonautilus X X
Anglonautilus X X
Fueymatoceras X
Syrionautilus X
Heminautilus X
Deltoeymatoceras X
Epicymatoeeras
Cimomia X X X X X X
Angulithes X X X X X
Hercoglossa X X X X
Aturoidea X X

o
e
~

Aturia X
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The geologic range of the genera of post-Triassic nautiloids is
summarized on Table 1, and the bar chart of Figure 4 shows the
nunber of genera and number of new genera per series division
of the Jurassic, Cretaceous, and Tertiary. This bar chart clearly
brings out the inereasing adaptive diversity of the nautiloids in
their resurgence after their near extinetion in the late Triassic.
There is a gradunal inerease in numbers of new types through the
Jurassic. However, of the total of 11 genera in the Upper Juras-
sie, only 3 (Eutrephoceras, Paracymatoceras and Cimomia) are
still destined for a long history. More than half of the total Upper
Jurassic fauna (6 genera) do mot survive into the Cretaceous
and 2 genera (Pscudonautilus and Paracenoceras) have their
main evolutionary play in the Upper Jurassic with only a few
species known from Lower Cretaceous. Thus the Jurassic faunas
are replaced i the Cretaceous by new phyletie lines, mainly of
the Cymatoceratinae, with a much smaller portion from the
Nautilinae and ITercoglossinac. DBy the early Tertiary the ¢yma-
toeeratid radiation is alimost at an end, with a single surviving
species in the middle Tertiary. Only one new genetic unit, the
Aturinae, contes mto the picture in the Paleocene; this became
by mid-Tertiary time the most conspicuous clement of the fauna.
Early Terttary time was the heyday of the Hercoglossinae ; how-
ever, the ortgin of all members of this radiation is well down in
the Cretaceons. Wherever ecarly Tertiary faunas are found,
members of the Ilercoglossinae are the principal elements; the
great number of species of this subfamily for the early Tertiary
ntevely refleets the large amount of study concentrated on them
i recent years, especially by Miller,

Thus from this summary picture, post-Triassic nautiloid evo-
lution took place in three suecessive waves, one in the Jurassie,
another in the Cretaccous, and the last in the early Tertiary.
Each wave introduced new genetie lines which gradually re-
placed existing or previous lines. The Jurassic and Cretaceous
radiations are of approximately equal magnitude; that of the
early Tertiary is greatly reduced. Whether or not Nawtilus
should be considered an additional radiation is a moot guestion.
Of the derivations from the cutrephoceratid surviving stock only
the Ilereoglossinae had an extensive evolutionary history. The
other offshoots including Neutilus ave either monotypic or repre-
sented by few species of no great geographic or stratigraphie
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range. It seems highly Iikely that Newtilus will follow this same

fate.

In most of the principal evolutionary trends of the post-Trias-
sie nantiloids the main evolving stock of each subfamily is repre-
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Fig. 5. Bar chart showing total number of species of nautiloids for each

series of Mesozoic and Tertiary.

sented by the largest number of species, with the other geneva
having only a fraction of that amount. Thus of the Nautilinac,
("enoccras and Futicphoceras have by far the largest number of

species.

In the Parvacenoceratinae. it is Paracenoceras: in the
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(‘vmatoceratinae, it is Cyinatoceras; in the Pseudaganidinae it is
Pseudaganides, and i the Hercoglossinae it is Cimomia that has
the greatest number of species. The Aturiae has only the genus
Aturia. In spite of the unsatistfactory nature of our understand-
ing of most nautiloid species, these named units do express
morphologic diversity, geographic range, and general abundance
in nautiloid faunas of these periods. These data likewise tend
to substantiate the thesis presented here for persisting, evolving
stocks of wide geographice distribution from which more re-
stricted adapted types evolved. On Figure 5 are summarized the
number of speeies per series of the Jurassie, (‘retaceous, and
Tertiary. Bxcept for the large nuniber of carly Tertiary species.
interpreted here as a monographic high, this bar chart reflects
very well the bar chart on ditribution of genera during this
time span.

SYSTEMATIC PALEONTOLOGY

Family NAUTILIDAE d'Orbigny, 1840

This family is interprete:l here to inelude all post-Triassie
nautiloid eenera, which are placed in six subfamilies: Nautilinae
. Orbigny, Pseudaganidinae nov., Paracenoceratinae Spath,
Cymatoceratinae  Spath, IHercoglossinae Spath, and Aturi-
nae Hyatt. The overall evolutionary pattern of post-Trias-
sie nautiloids with the plastic Cenoceras complex of the early
Jurassic front which developed directly or indirectly several
distinet  phyletic trends produced a very homogencous evo-
lutionary nnit. The subfamily units are adaptive trends inter-
preted for the most part on the basis of single characters — in
the Cymatoceratinae it is the presence of ribbinz; in the Para-
cenoceratinae it is elaboration of the periphery; in the Herco-
elossinae and Pseudaganidinae 1t is elaboration of the suture;
and in the Aturinae it is the unique dorsal siphuncle and its
structure. None of these trends is really a major shift in the
evoluttonary complex but each is more in the nature of elabora-
tion of genetic potentials in the evolving parent stocks. It thus
seems that the taxonomic ranks used here reflect the phylo-
genetie pieture,
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Subfamily NAUTILINAE d’Orbigny, 1840

The Nautihinae includes among its genera the earliest forms
and the latest and living species of the Nautilidae. Thus in the
history of this subfamily we have the origin of the Nautilidae,
the persisting stock which gave rise to the remaining subfamily
units, and the few living species represented by the relic eenus
Nautilus. The genera included in the Nautilinae are: Nautilus,
Cenoceras, Eitreploeeras, Pscudocenoceras, Carinonantilus, and
Obinautilus. ('cnoecras 1s the plastic evolving complex which
survived the great period of extinetion at the end of the Triassic
and experienced a very iutense radiation in the early Jurassic.
From the Ccnoceras complex arose the Psendaganidinae, Para-
cenoceratinae, and probably the Cymatcceratinae. FEutrepho-
ceras is interpreted as a slowly evolving, long persisting, general-
ized stock also derived from the Ccuoceras complex and from
which the remaining members of the Nauntilinae were derived
plus the ITercoglossinae. '

Cartnonavtilus and Obinautilus ave monotypic; Pscudocenn-
coras has 8 species. and Nawiilus only 5 species (all Recent).
1Towever, C'cnoceras has 97 species and Eutrephoecras 90. This
oreat number of species (or named units) reflects the wide geo-
g aphie range, morphologic diversity and relative abundance of
these two genera. ('cioeeras is mainly confined to the Lower and
AMiddle Jurassie (with one Upper Triassic [Carnian] species),
and Eutrephoceras ranges from the Upper Jurassic into the
Miocene. Both genera have world-wide distributions (Figs. 6.

7).
Genus CENOCERAS Hyatt, 1883

Cenoceras Hyatt, 1883, pp. 300 301,

Cenoceras Hyatt, 1804, p. 530,

Digonioceras Hyatt, 1894, pp. 548-549,

Nautilites Prinz, 1906, p. 201.

Cenoceras Spath, 1927a, pp. 20 24,

Oplionautilus Spath, 1927a, pp. 21, 24,

Sphaeronautilus Spath, 1927a, pp. 21, 24.

Cenoceras Flower and Kunimel, 1950, p. 615.

Bisiphytes (Ccnoceras) Kummel, 1934, p. 322

Tupe species. Nautilus intermedins d’Orbigny non Sowerby=.\" orbignyi
Prinz (1906, p. 213). By orig'nal designation. Type illustration repro-

duced on Plate 1, figs. 1. 2.
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The genus Cenoecras is here interpreted to include those nau-
tiloid species of the Liassic and Inferior Oolite that are part of
the evolving complex which survived the Triassic and which in
the great plasticity of the group reflect an extensive adaptive
radiation. It is from this very plastic adaptive unit that the
more stable, more e¢learly defined evolutionary lines evolved.
The nautiloids nearly became extinet at the end of the Triassic.
A single surviving line derived from the Syringonautilidae gave
rise to the sole surviving stock (Spath, 1927a, p. 23; Kummel,
1953b). This surviving stock entered an environuiental vacuum
(insofar as nautiloids are concerned) in the earliest Jurassic.
The re-ocenpation of the diverse ecological niches available for
a homogeneous unit stock gave rise to many morphological types,
especially in regard to conch form. It is not possible at this time
to decipher the individual evolutionary lines within the mam
complex. There is a eomplete range of variation and gradation
in conch form, suture, position of siphunecle, ornamentation, etc.
To bring the taxonomy of these nautiloids to reflect the phylo-
cenetic interpretation, all of the genera previously proposed for
alerrant types in the Liassie are placed in synonymy of Ceno-
ceras. There is no particular reason for retaining these genera
since their included species fit well within the range of variabil-
ity and evolutionary pattern of the genus Cenoceras.

Fig. 8. Cross sections of the conch of species of Cenoeeras. Redrawn
from Pia (1914, pl. S [3]). .1, C. areris (Dumortier) after Dumortier,
diameter 210 mm.; B, C. arariformis (Pia) after Pia, diameter 190 mm.;
C, C. adneticus (Pia) after Pia, diameter 137 mwm.; D, C. domeykus
(d’Orbigny) after d’Orbigny, diameter 150 mm.; E, C. stoppani (Parona)
after Parona, diameter 142 mmn.; F, C. baconicus (Vadisz) after Vadasz,
diameter 50 nun.; &, C. altisiphites (Prinz) after Prinz, diameter 60 mm.;
I, C. julianus (Fueini) after Fueini, diameter 20 mm.; 1, C. simillimus
(Foord and Crick) after Pia, diameter 107 mm.; J, C. secernendus (Pia)
after Pia, diameter 135 mm.; K, C. ornatus (Foord and Crick) wvar.
atanatensis (Pila) after Pia, diameter 138 mm.; L, C. parctoi (Gemmellaro)
after M. Gemmellaro, diameter 17.5 mm.; Y, (. sp. ind. No. 2, after Prinz,
diameter 65 mm.; N, C. striatus (Sowerby) after d’Orbigny, diameter
110 mm.; 0, C. striatus (Sowerby) after Hauer, dianieter SO mm.; P, C.
sturi (Hauer) after Hauer, diameter 65 mm.; Q, C. semseyi (Prinz) after
Prinz, dizmeter 88 mm.; R, C. robustus (Foord and Crick) after Foord,
diameter 200 mm.; S, C. geyeri (Prinz) after Geyer, diameter 80 mm.;
T, C. fourneti (Dumortier) after Dumortier and Pia, diameter 80 mn.
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Nomenclature of early .Jurassic nautiloids has an involved
and ambiguous history. .\s pointed out by Spath (1927a, p. 20),
Hyatt’s genus Ccuoceras (for the group of Nau'ilus intermedius
A"Orbigny non Sowerby) has been universally rejected, sinee
ITyatt left in Navtilus s.s. other members of the same group, such
as Nautilus striatus, Tlowever, Spath in his 1927 revision of post-
Triassic nautiloids accepted Cenoceras as a distinet unit on the
basis of Hyvatt’s (1894, p. 550) revised definition limiting Ceno-
ceras to forms with a trigonal ananepionie, a subquadragonal
nietanepionic, and a dorsally sulcate nepionic stage. At the same
time Spath readily recognized that the croups of Nautilus stri-
atus Sowerby and Nautilus intevmedius Sowerby could not be
differentiated on the shape of the conch and they ‘‘agree in
ornamentation, position ot the siphunele, presence of an annular
lobe, and chiefly in the course of the septal suture’ (Spath,
1927a. p. 20).

Now for the group of Nautilus striatus Sowerby, Spath revived
the genus B siphytes Montfort (1208). This genus has been dis-
cusseid to a varvied degree Ly Spath (1927a, pp. 19-24), Miller,
bDunbar, and Condra (1933, pp. 42, 43), Teichert (1940, p. 591)
and Kummel (1954, pp. 5225250, Montfort listed as type of his
cenus Bisiphyles veticulalns (a then newly proposed species)
which came from Sombernon, Durgnndy (east-central France),
presimably from Juvassic strata. As indieated by the generic
name, Montfort thonght his specimen had two stphuncles bnt the

IMig., 9. Cross sections of the conel of species of Cenoceras. Redrawn
from Pia (1914, pl. 9 [6]). 2, C. toarcensis (d’Orbigny) after d’Orbigny,
dinmeter 240 nmi.; B, €. jurensis (Quenstedt) after Quenstedt, diameter
10 mm.; ¢, C. sp. ind. No. 6, after Rosenberg, diameter 50 mm.; D, C.
demonensis (Gemmellaro) after M. Gemmellaro, diameter 40 mm.; E, C.
anstriacns (1Taner) after Hauer, diameter 230 mm.; F, C. aratus (Quen-
stedt) after Quentstedt, diameter 40 mm.; G, C. meyrati (Ooster) after
Ooster, dinmeter 80 mm.; H, C. tercbratus (Dumortier) after Dumortier,
diameter 98 mm.; [, C. pseudorugosus (Pia) after Ooster, diameter 90
mm.; J. C. mariani (Gemmellaro) after M. Gemmellaro, diameter 46 mm.;
K, C. rugosus (Buvignier) after Buvignier, diameter 75 mm.; L, C. asta-
coides (Young and Bird) after Dumortier, dimwmeter 112 mwm.; M, C.
intermedius (Sowerby), diameter 200 mm.; N, C. jourdani (Dumortier)
after Duomortier, diameter 130 mm.; O, C. inornatus (d’Orbigny) after
d’Orbiguy, diameter 85 mm.; P, €. sp. ind. No. 8, atter Vaddsz, diameter
66 mm.; Q, C. truncatus (Sowerby) after Geyer, diameter 80 mm.
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second “*siphunele ™ 1s undoubtedly an indentation of the dorsal
lobe. The only illustration of Bisiphytes reticulatus is a rather
crude sketch (reproduced here on Plate 25, fig. 3). 1t is not
possible to recognize the specific features of the genotype of
Bisiphytes trom Montfort’s deseription and/or his illustration;
likewise the exact locality and horizon from which the specimen
was colleeted Is not knowin. Ior these reasons the genus Bisi-
phytes should not be used (a recommendation set forth by
Teichert in 1940, p. 591, and in several written communications
to the writer). A petition to suppress the generic name Bisi-
phytes is being made to the International Connuission on Zoologi-
eal Nomenclature. Abandonment of Bisiphytes leaves available
the genus Cenoceras — type Nauntilus tntermedius d’Orbigny non
Sowerby=N\. orbignyt Prinz. [ am in perfect agreement with
Spath that the quadrate whorled Cenoceras cannot be separated
from the rounder whorled Bisiphytes. My previous use of Ceno-
ceras as a subgenus of Bisiphyles was an attempt to express the
homogeneity of these two groups but 1 am now convineed that
Teichert’s recommendation to suppress Bisiphytes, because of the
almost complete ambiguity surrounding the type species, will do
much to clarify the taxonomy of these Jurassic nautiloids.

Fig. 10. Cross section of the eounch of species of Cenoceras and Pseuda-
ganides. Redrawn from Pia (1914, pl. 10, [7]). A, C. quadrangularis
(Pia) after Pia, diameter 103 mm.; B, C. balsamocrivellii (Parona),
after Parona, diameter 155 mmwm.; €, C. distefanoi (Gemmellaro) after
M. Gemmellaro, diameter 52 mm.; D, D. brancoi (Gennnellaro) after M.
temmellaro, diameter 60 mw.; E, . affinis (Chapuis and Dewalque) after
Chapuis and Dewalque, diameter 101 mm.; ¥, C. sp. ind. No. 5, after
Rosenberg, diameter 32 mm.; G, C. profundisiphites (Prinz) after Prinz
diameter 82 mm.; I, C. tricarinatus (Vadisz) after Vadiasz, diameter
91 mm.; I, C. anomphalus (Pia) after 4’Orbigny, diameter 90 mm.; J, C.
sp. ind. No. 9, after Vadisz, diameter 36 mm.; K, C. clilensis (Huppé)
after Méricke, diameter 99 mm.; L, C. amorcttii (Parona) after Parona,
diameter 80 mm.; M, C. breislacki (Parona) after Parona, diameter 93 mm,;
N, C. egregius (Pia) after Pia, diameter 207 mm.; 0, C. semistriatus
(d’Orbigny) after d’Orbigny, diameter 165 mm.; P. Pseudaganides grave-
siana (A’Orbigny), diameter 240 mm.; @, C. schwalmi (Prinz) after
Prinz, diameter 89 mm.; R, C. fischeranus (Foord and Crick) after Foord,
diameter 180 mm.; S, C. pertextus (Dumortier) after Dumortier, diameter
180 mm.; T, C. spreaficoi (Parvona) after Parona, diameter 58 mm.; U, C.
pisanus (Fueini) after Fucini, dianmeter 12 mm.
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A preeise morphological definition of Cenoceras is not possible
because of the wide variability and range in conch shape and
ornamentation. The suture is for the most part quite uniform
having only slight ventral and lateral lobes. The variability in
coneh shape has been most admirably itlastrated in a set of text
ficures by Pia (1914) which are reproduced here as Text Figures
8, 9, 10. Interpreting conch form as an expression ot adaptation,
these text figures clearly show the range of radiation in the
sroup. The uniformity of the sutnre and types of ornamenta-
tional patterns supports the conclusion that all these species are
part of a single genetic complex.

Spath (1927a) listed four other genera of Liassie nautiloids,
namely : Sphacronautilus Spath, Digonioecras 1lyatt, Ophio-
nautilus Spath, and Hercoglossoeeras Spatli. Al these genera
are now placed in synonymy of other forms. Hercoglossoceras is
considered a synonym of Psewdaganides. The remaining genera
(Sphaeronautilus, Digonioeeras, and Ophionautilus) are consid-
ered to be synonyus of Cenoeeras.

The type species of Digonioceras Hyatt, 1894, is Digonioceras
rotundum Ilvatt, non Crick, 1898, by original designation and
not Nautilus ercavatus J. de. C. Sowerby (1826, pl. 529, fig. 1;
Pl 9, figs. 3-5, of this report) as indicated by Spath (1927a, p.
21). The original description and illustration of D. rotundum
(Iyatt, 1894, p. 549) leaves much to be desired. The type speci-
men, which is in the M.C.Z., is a juvenile of one volution and con-
sists only of phragmocone. It measures 34 mui in diameter;
the width and height of the most adoral whorl are 23 mm. and
17.5 mm. respectively. The whorls are depressed and ovoid m
cross section. The venter is hroadly arched. The whorl sides
are convex and grade onto the venter and the mubilical wall with
no distinet shoulders to break the even curvature. The venter of
the second camera is bluntly angular or fastigate. The rounded
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aspect of the venter is apparent on the third camera. Adorally,
the whorls become gradunally more depressed producing the broad
venter and narrowly rounded sides. The umbilicus is perforate,
measuring approximately 2 mm. in diameter. The suture has
very shallow ventral and lateral lobes, and 1o annular lobe. The
siphunele is in a subventral position. The shell is smooth except
for fine growth lines that form a deep tongue-shaped sinus on
the venter.

Fig. 11. Cenoceras crcavatus (Sowerby). Diagrammatic eross-section
of holotype represented by figures 1, 2, Plate 7. X 1.

Hyatt (1883, p. 288) included Nautilus excavatus, d’Orbigny
in Endolobus and considered that speeies to be the latest survivor
of that series. However, in 1894 (p. 549) he noted that there
were significant differences between the Carboniferous Endolo-
bus and the Jurassic species he placed in Digonioceras. My own
study of Sowerby's type of Nautilus ercavatus in the BM.N.H.
(tfigured here on Plate 7 and Text Figure 11) and Hyatt's type
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of Digontoceras rotundum which is in the M.C.Z. lead me to con-
clude that it is not possible to tell whether or not these two
species are congeneric in Ilyatt’s sense. Digontoceras rotundunt
is based on a juvenile specimen which is very generalized in its
characters. The locality and geologic horizon of ). rotundum
is not known, but Hyatt (1894, p. 549) writes, “* It ix obviously
from the Oolite but the locality is not known."

The large tunnel-shaped umbilicus of Nautilus crcaratus is the
principal character used by llyatt and later hy Spath to set this
group aside as a separate generic category under the name
Digonioccras. Other Middle Jurassic species which appear to be
related to Nautilus ercaratus, at least i the general character
of the uwmbilicus. are N. suithi Foord and Crick, 1590, and N.
dispansns Morris and Lyeett, 1850, From the lias, shmilar umn-
bilical features are found in Nawtidws meyrati OQoster (1858)
(Fig. 9G) and in N. terchratus Dumortier (1874) (Fig. 911).
The umbilical shoulders of the latter species ave flaved and
angular; the wmbilical wall is broad and sloping toward the
umbilicus. The group of Nawtilus ercarvatus does not appear to
have given rise to any later stock of nautiloids and is here inter-
preted as merely one (of the many) adaptive types produced in
the early Jurassic within the ('¢noecras complex. From an evo-
lutionary viewpoint the group is merely a part or expression of
the adaptive radiation or plastic phase found in the early Juras-
sie, and the eroup should be taxonomically treated as species of
(enoceras.

Ophionauvtilns Spath (1927), tvpe species Nautilus burtonensis
Foord and Crick, 1890 (illustrated here on Plate 6, and Text
Figure 12), was differentiated on the basis of the very evolute,
widely umbilicate conch. The type species is from the Inferior
Oolite of England. In addition to the type species, Nautilus
zitteli Geminellaro (1836) of the lower Dogger of Sicily, V.
austriacus Hauer (1856) (Fie. 9£) and N. schwalmi Prinz
(1906) (Fig. 10Q) from the Liassic of the Alps and Hungary,
respectively, belong to this species eroup. These species which
have been or can be assigned to Ophionautilus ave interpreted as
evolute adaptations of the Cenoceras complex. These evolute ele-
ments did not give rise to any of the succeeding more stable
evolutionary lines. Nawtilus burtoncnsis Foord and Crick has
an evolute, smooth, rather large conch. The whorl section is
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wider than high. The venter is broadly rounded to slightly
flattened ; the whorl sides are rounded as are the umbilical
shoulders. The umbilical wall is convex and steep. The umbilicus
is broad and deep, exposing mueh of the inner whorls. The
suture is only slightly sinuous with a shallow ventral and a
shallow lateral lobe that includes the whole whorl side. The only
markings on the shell ave growth lines and they form a deep
simus on the venter. The siphuncle is more or less centrally

Fig. 12. Cenoceras bwrtonensis (Foord and Crick). Diagrammatic eross
section of holotype represented by figures 1, 2, Plate 6, X 1.

located. The group of Nautilus burtonensis includes the most
evolute adaptation of the Cenoecras complex but there is within
this complex a nearly complete gradational series in degree
of involution.
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Whereas the group of Nautidus burtonensis includes the most
evolute elements of the Cenoceras complex, the most involute
form is Nautilus pisanus Fucini (1895, p. 328, pl. 13, fig. 5) from
lower Liassic strata of ltaly for which Spath (1927a, p. 21)
established the genus NSphaeronautilus (Fig. 1007). 1In its
arcestid-like shape Nautilus pisanus is indeed an extreme aber-
rant type. The conch is small and smooth. The suture has only
a shight tobe on the ventral and lateral areas. There ts not known
at present a perfeet gradational series from ‘‘typical’” Ceno-
eeras to the extremely imvolute Naufilus pisanus. However, its
stratigraphie position and general morphological characters
make it logical to consider Nautilus pisanus as the extreme in-
volute development of the Cenoceras complex and the genus
Sphaeronautilus is placed m syunonymy of Cenoeeras.

More species have been deseribed for Cenoeeras than for any
other genus of post-Triassie nautiloids. Of the 96 species, two-
thirds are Lias in ave and the vemaining thivd Middle Jurassic
n age. C'cnoceras is a truly cosmopolitan form being kinown from
nearly all continental arveas (Ifig. 6). The species belonging to
Cenoceras with their ave and veographie distribution arve listed
below, X

DISTRIBUTION OF SPECIES OF THE GENUS CENOCERAS
Stratigraphic  Geographie

Species Distribution  Distribution

O, adneticus (Pia) 1914 Jurassic Austria
(Lias)

C. affints (Chapuis and Dewalque) 1853 Jurassic Lnxembouryg
(Lias)

C. altisiphites (Prinz) 1906 Jurassic Hungary
(Lias)

('. amasianus (Gugenberger) 1928 Jurassic Turkey
(Lias)

C. amorettii (Parona) 1897 Jurassic Italy
(Lias)

C. anomphalus (Pia) 1914 Jurassie France
(TAas)

C. arariformis (Pia) 1914 Jurassie Austria
(Lias)

C. araris (Dumortier) 1869 Jurassic Europe

(Lias)
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Stratigraphie  Geographie
Species Distribution  Distribution

C. aratus (Quenstedt) 1846 Jurassice Germany
(Lias)

C. arthaberi (Gugenberger) 1923 Jurassie Turkey
(Lias)

C. astacoides (Young and Bird) 1828 Jurassie Europe
Lias)

C. austriacus (Hauer) 1856 Jurassic Alps
(Lias)

C. baconicus (Vadasz) 1911 Jurassic Hungary
(Lias)

(. balsamocrivellii (Parona) 1807 Jurassic Italy
(Lias)

C. bradfordensis (Crick) 1898 Jurassic England
(Bajocian)

(. brancoi (Gemmellaro) 1884 Jurassic Ttaly
(Lias)

(', hreislacl:i (Parona) 1897 Jurassic Italy
(Lias)

C'. burtonensis (Foord and Crick) 1590 Jurassic England
(Bajocian)

C. catonis (Gemmellaro) 1886 Jurassie Sicily
(L. Dogger)

C. chilensis (Huppé) 1854 Jurassie Chile
(Lias)

C'. demonensis (M. Gennuellaro) 1911 Jurassie Sicily
(Lias)

2C, dispansus (Morris and Lycett) 1850 Jurassie England

i (Bathounian)

(. distefanoi (Gemmellaro) 1884 Jurassic Ttaly
(Lias)

(. domeykus (4’Orbigny) 1842 Jurassie Chile
(Lias)

C. egregius (Pia) 1914 Jurassic Austria
(Lias)

(', ercycinus (Tagliarini) 1901 Jurassie Sieily
(L. Dogger)

C. creavatus (J. de C. Sowerby) 1826 Jurassic England
(Bajocian)

C. cxiguus (Crick) 1898 Jurassie Eugland

(Bajoeian)
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Species

Stratigraphic  Geographic
Distribution  Distribution

2

C.

.

E.

cxrterebratus (Crick) 1598

fischeranus (Foord and Crick) 1890

. fourneti (Dumortier) 1874

. geyert (Prinz) 1906

. hallstattensis (Spengler) 1919
imlayi (Kummel) 1954

. impendens (Crick) 1898

cinornatus (A°Orbiguy) 1842

intermedius (J. Sowerby) 1816

. jourdani (Dumortier) 1874
. julianus (Fucini) 1895

3. jurensis (Quenstedt) 1858
" lineatus (J. Sowerby) 1813

. lineolatws (Foord and Crick) 1890

lupheri (Kummel) 1954

0. lutatii (Gemmellaro) 1856

. malherbii (Terquem) 1835

. manissadjiani (Gugenberger) 1928
. mariani (M. Gemmellaro) 1911

Cmarti (Gemmellaro) 1886

Jurassie England
(Bajocian)

Jurassie France
(Lias)

Jurassie Europe
(Lias)

Jurassie Austria
(Lias)

Jurassic Austria
(Lias)

Jurassie Alaska
(Bajocian)

Jurassie England
(Bajoeian)

Jurassie Europe
(Lias)

Jurassic Europe
(Lias)

Jurassic Europe
(Lias)

Jurassic Ttaly
(Lias)

Jurassic Europe
(Lias)

Jurassic England
(Bajocian)

Jurassie England
(Lias and France
Bajoeian)

Jurassic Oregon
(Bajocian) (U.S.A.)
Jurassie Sicily
(L. Dogger)

Jurassic Luxembourg
(Lias)

Jurassic Turkey
(Lias)

Jurassice Sicily
(Lias)

Jurassie Sieily

(L. Dogger)
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Stratigraphie  Geographie
Species Distribution  Distribution

C. mazzarensts (Tagliarini) 1901 Jurassic Sicily
(L. Dogger)

C. meyrati (Ooster) 1858 Jurassic Alps
(Lias)

C. multiseptatus (Foord and C'rick) 1840 Jurassie England
(Bajoeian)

C. obesus (J. Sowerby) 1816 Jurassit England
(Bajocian)

C. obstruectus (Deslongechamps) 1878 Jurassic France,

. (Bajocian) Dugland

C. arbignyi (Prinz) 1906 Jurassic Europe
(Lias)

(. ornatus (Foord and Crick) 1890 Jurassie England
(Bajocian)

C. ornatus var. atanatensis (Pia) 1914 Jurassie Austria
(Lias)

(. paretoi (M. Gemmellaro) 1911 Jurassie Sieily
(Lias)

C. perinflatus (Foord and Crick) 1890 Jurassie England
(Bajoeian)

C. perornatus (Crick) 1894 Jurassie Western
(Bajoeian) Australia

C. pertertus (Dumortier) (867 Jurassic France
(Lias) Austria

C. pisanus (Fueini) 1895 Jurassie Ttaly
(Lias)

C. polygonalis (J. de C, Sowerby) 1826 Jurassie England
(Bajocian)

C. postriatus (Prinz) 1908 Jurassic Europe
(Lias)

C. profundisiphytes (Prinz) 1906 Jurassic Austria
(Lias)

C. pseudolineatus (Foord and Crick) 1890 Jurassie England
(Bajoeian)

C. pseudorugosus (Pia) 1914 Jurassic Alpine
(Lias) Region

(. pseudotruncatus (Crick) 1921 Jurassic England
(Lias)

C. quadrangularis (Pia) 1914 Jurassic Austria
(Lias)

C. robustys (Foord and Crick) 1890 Jurassie France,
(Lias) Austria
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Stratigraphic Geographie
Species Distribution  Distribution

C. rotundum (Hyatt) 1894 Jurassic England
(Bajocian?)

C. rotundum (Crick) 1895 Jurassie England
(Bajocian)

C. rugosus (Buvignier) 1852 Jurassie Europe
(Lias)

C. schlumberyeri (Terquem) 1855 Jurassie Luxembourg
(Lias)

(. sehmidti (Giebel) 1852 Jurassic Germany
(Lias)

C. schwalmi (Prinz) 1906 Jura.sic Hungary
(l.ias)

C. secernendus (Pia) 1914 Jurassic Austria
(Lias)

C. semiornatus (Crick) 1898 Jurasgic England
(Bajocian)

(. semistriatus (d’0Orbigny) 1843 Jurassic France
(Lias)

(. semseyl (Prinz) 1904 Jurassic Hungary
(Lias and
L. Dogger)

C. simillimus (Foord and Criek) 1890 Jurassic England,
(Lias) Austria

(. smithi (Foord and Crick) 1890 Jurassie England
(Bajoeian)

C. spreaficoi (Parona) 1897 Jurassic Italy
(Lias)

C. steinmanni (Morieke) 1894 Jurassie Chile
(Aliddle)

C. stoppanii (Parona) 1897 Jurassic Italy
(Iias)

C. striatus (J. Sowerby) 1817 Jurassie Europe
(Lias)

C. sturi (Hauer) 1856 Jurassic Alpine
(Lias) Region

O. subrotundus (Crick) 1598 Jurassic England
(Bajoeian)

C. subtruncatus (Prinz) 1906 Jurassic France
(Lias)

C. terebratus (Dumortier) 1874 Jurassie France,
(Lias) England
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Stratigraphic Geographic

Species Distribution Distribution

C. thyrrenus (Tagliarini) 1901 Jurassic Sieily
(L. Dogger)

C. toarcensis (1°Orbigny) 1849 Jurassic France,
(Lias) Germany,

C. tricarinatus (Vadasz) 1911 Jurassie Austria
(Lias)

C. truncatus (Sowerby) 1816 Jurassic Europe
(Lias)

C. waageni (Gemimellaro) 1886 Jurassie Sieily
(L. Dogger)

C. zignoi (Gemmellaro) 1886 Jurassie Sicily
(L. Dogger)

C. »itteli (Gemmellaro) 1886 Jurassic Sieily
(Middle)

Genus WUTREPHOCFRAS IHyatt, 1894
Eutrephoceras Hyatt, 1894, p. 553.
Eutrephoceras Reeside, 1924, p. 2.
Eutrephoceras Reeside, 1927b, pp. 6, 7.
Eutrephoceras Miller and Thompson, 1933, pp. 300-304.
Eutrephoceras Spath, 1927a, pp. 21, 24.
Eutrephoceras Spath, 1927b, pp. 425, 426, 428,
Eutrephoceras Stenzel, 1940, pp. T38-742.
Eutrephoceras Miller, 1947, pp. 26-39.
Eutrephoceras Miller, 1951, pp. 33-36.

The genus FEutrephoceras represents the long-lived and per-
sistent stock arising from the lower Jurassie Cenoceras complex
and is cousidered to be the root from which most of the remain-
ing Cretaceous and Tertiary nautiloids, excepting the Cymato-
ceratinae, are derived. It is most similar to Cimomie and Nau-
tidus. Cimomia arose from Eutrephoceras in the Upper Jurassic
or Cretaceous and 1s in itself the root stock of the Hercoglossinae.
Cimomia difters from Eutirephoceras in the greater sinuosity of
the suinre, but many intermediate forms are known.

Thus the interpretation of Eutrephoceras presented here vis-
nalizes a persisting, slowly evolving stock consisting of generally
involute, smooth forms with straight or nearly straight sutures.
and a conch that is generally subglobular but can be quite eom-
pressed or depressed. The rather wide variation in the shape of
the conch is illustrated in Text Figure 13.
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Probably the commonest and most widespread genus of post-
Triassic nautiloids is Eutrephoceras. To date, approximately
89 species are recognized ranging in age from the Jurassic to
the Miocene ; of these, 6 species are Jurassic in age, 39 Cretaceous
aud 44 from the Tertiary.

Miller has recently deseribed the American Tertiary species
of Eutrephocciras and his comprehensive diagnosis of the genus
is quoted here (1947, p. 27) : “‘Conch nautiliconie and typieally
subglobular; whorls reniform in cross seetion, broadly rounded
ventrally and laterally, and moderately deeply impressed dor-
sally. Aperture marked ventrally by a broad shallow rounded
hiyponomie sinus. Umbilicus small and inconspicuous ; umbilical
shoulders low and rounded. Surface of conch smooth or essen-
tially so. Septa moderately convex apicad; sutures of typical
torms slightly sinuous, but at least the external sutures of some
torms are essentially straight. An annular lobe 1s present in
some forms but not in the genotype. Siphuncle small, cireular
m cross section, and orthoehoanitic in strueture; its position
varies considerably in the different species, but in no case is it
marginal.”’

The large number of species of Kutrephoceras reflects their
ceneral abundance and widespread distribution geographically
and stratigraphically. The wide variability in conch shape.
degree of involution, and inflection of the suture suggest a wide
adaptive range tor this genetic stock. Probably in no other

Fig. 13. Cross sections of the conch of 4, Eutrephoceras cyclotus (Op-
pel) from Zittel 1868, pl. 3, fig. 2a, diameter 117 mm.; B, E. boissieri
(Pietet) 1867, pl. 8, fig. 4b, diameter 63 mm.; C, E. subinflatus (d’Orbigny)
1850, tfrom d’Orbigny 1840, pl. 37, fig. 2, diameter 88 mm.; D, E. jonesi
Miller and Thompson, from Stenzel 1940, fig. 115, diameter 2235 mm.;
E, E. piersantii (Sergio) 1933, pl. 2, fig. 4b, diameter 144 mm.; F, E.
Jjustus (Blanford), from Stoliczka 1866, pl. 93, fig. 2a, diameter 64 mm.;
(i, E. dekayi (Morton), from Stenzel 1940, fig. 115, diameter 46 mm.; H, E.
vietorianum Teichert 1947, fig. 5, diameter 102 mmni.; I, E. reesidei Stenzel
1940, fig. 115, diameter 14.6 mm.; J, E. neubergicus (Redtenbacher) from
Schliiter 1876, pl. 48, fig. 4, diameter 90 mm.; K, E. dekayi (Morton)
from Stenzel 1940, fig. 1135, diameter 85 mm.; L, E. sloani Reeside frowm
Stenzel 1940, fig. 115, diameter 120 mm.; M, E. carolinense Kellum, from
Stenzel 1940, fig. 113, diameter 20.7 mm.; N, E. lentiformis (Stoliezka)
1866, pl. 93, fig. la, diameter 74 mm.; O, E. cookanum (Whitfield), Stenzel
1940, fig. 115, diameter 220 mm.; P, E. laverdei Durham 1946, pl. 63, fig. 4,
diameter 61 mm.
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generie group are the recognized species so gradational in charac-
ter and generally lacking in objectivity. Variability studies of
large populations would be extremely helpful in assessing the
many species groups.

Since Futrephoceias is interpreted as the basic persisting stock
derived from the Cenoceras complex, its relationships to the
other genetic groups are discussed in detail under each of these
derived groups and need not be repeated here.

A similar long-persisting, smooth, involute, generalized stock
is represented in the Permo-Carboniferous and Triassic by the
Liroceras-Paranautilus trend. From this particular trend was
derived the Upper Triassic Clydonautilidae which is a stock
adapted for sinuosity of the suture; a homeomorphous de-
velopment of the Ilercoglossinae.

Eutrephoceras is world-wide in distribution and ranges in age
from the Upper Jurassic into the Miocene.

DISTRIBUTION OF SPECIES OF THE GENUS EUTREPHOCERAS

Stratigraphic Geographic

Species Distribution Distribntion
E. ahltenensis (Schliiter) 1876 Cretaceous  Germany
(Upper)
k. aleesense Reeside, 1927 Cretaceous  Montana
(Upper) (U.S.A))
L. allani (Fleming) 1945 Oligocene ! New Zealand
k. allioni (Michelotti) 1840 Miocene Italy, Malta
L. altifrons (Chapman) 1915 Miocene Australia
L. archiacianus d’Orbigny 1840 Cretaceous France
I£. baleombensis (Chapman) 1915 Miocene Australia
L. bellerophon (Luudgren) 1867 Cretaceons  Sweden
(Danian)
E. berryi Miller, 1947 Eocene North
Carolina
(U.S.A)
E. blanfordi (Douvillé) 1929 Eocene Pakistan
E. boissieri (Pictet) 1867 Cretaceous  Switzerland,
Lower) Algeria
E. bouchardianus (4’Orbigny) 1840 Cretaceous  France
(Albian)
E. bryani (Gabb) 1877 FEocene New Jersey

(U.S.AD
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Species

Stratigraphiec Geographie
Distribution Distribution

B

7. burkarti (Castillo and Aguilera) 1895
', butonensis (Martin) 1933

7. carolinense Xellum, 1926

. centralis (J. Sowerby) 1812

<. charpentieri (Leymerie) 1851

. clementinus (d’Orbigny) 1840

). cookanum (Whitfield) 1892

. crassus (Schafhiutl) 1863
7. eyelotus (Oppel) 1865

. dartevellei Miller 1951

. darupensis (Schliiter) 1876

. decipiens (Michelotti) 1861
. dekayi (Morton) 1834

. depressus (Binekhorst) 1861

). dersertorum (Quaas) 1902

. dietrichi (Zwierzyceki) 1914

/. douvillei Spath, 1927

. dubaleni (Peyrot) 1932
. euthymi (Pictet) 1867

. expansum (J. de C. Sowerby) 1824
. faxoense Hyatt, 1894

. feliz (Chapman) 1915

Jurassie Mexico
(Tithonian)
Oligocene East Indies
Eocene North
Carolina
(U.S.A))
Foceno England,
Germany
Cretaceous  France
(Upper)

Cretaceous  England
(Albian) France

Eocene New Jersey
(U.8.A)

Eocene Bavaria

Jurassic Moravia

(Tithouian)

Eocene Landana,

West Africa
Cretaceous  Germany

(Senonian)

Miocene Italy
Cretaceous  U.S.A.
(Upper)

Cretaceous  Belgium
(Maestrichtian)
Cretaceous  Libya
(Danian)

Cretaceous East Africa
(Neocomian)

Jurassic Tlgvpt
(Oxfordian)

Miocene France
Cretaceous  France,
(Lower) Switzerland
(C'retaceous  England
(Cenomanian)

Cretaceous  Denmark
(Danian)

Miocene Australia
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Stratigraphic Geographic
Distribution Distribution

E.

=

;. lammens (Ronehetti) 1947
. francomontanus (Kul) 1939

. geclongensis (Foord) 1891
. gosarviens (Redtenbacher) 1873

.. hannai Vokes, 1937

7.2 hallidayi (Waring) 1914

. hendersoni (Etheridge) 1901
. indieunm (Spengler) 1910

. dzumoensis Yokoyama, 1913
I,

;. Javanus (Martin) 1879
JOR

japonicus (Shimizu) 1926
Jjohnsoni Miller, 1947

jonesi Miller and Thompson, 1933

Clabeehi (A°Archiae and Haime) 1854
7. laverdei Durham, 1946

. leonei (Negri) 1934
. marksi Miller, 1947

. marucoensis (Giovine) 1950

. metafleuriansi (Douvillé) 1929

. montanensi Kummel, 1954
. montmollini (Pictet and Campiche) 1859
. neubergicus (Redtenbacher) 1873

. oregonense Miller, 1947

Cretaceous  Tripolitania
(Maestrichtian)
Jurassic Germany
(Upper)
Miocene Australia
Cretaceous  Austria
(Upper)
Eocene California
(U.S.A.)
Paleocene California
(U.S.AL)
(retaceous  Queensland,
(Lower) Australia
Cretaceous Tndia
(Upper)
Tertiary Japan
Eocene Japan
Tertiary Java
Paleocene 7 Alabama
(U.S.AL)
Paleocene Alabama
(U.S.A)
Eocene Pakistan
Cretaceons (‘olombia
(Aptian)
Eocence Libya
Eocene California
(U.S.A))
Cretaceous Argentina
(Hauterivian)
Cretaceons N, Africa
(Upper)
L. Tertiavy Pakistan
Jurassie Montana
(Callovian) (U.S.A.)
(Cretaceous Switzerland
(Albian) France
Cretaceous  Austria
(Upper)
Eocene Oregon

(US.A)
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Geographie

Species Distribution Distribution
L. ovoideum Criek, 1907 Cretaceous  Zululand
E. parisiensis (Deshayes) 1866 Eocene France
E. perlatus (Morton) 1834 Cretaceous  Alabama
(Upper) (US.A)
L. piersantii (Sergio) 1933 Oligocene Ttaly
7. planoventer Stephenson, 1941 Cretaceous Tennessee,
(Upper) Texas
(U.S.A)
E. quadrilineatus (Favre) 1869 Cretaceous  Germany
(Upper)
5. reesidei Stengel, 1940 Eocene Texas
(U.S.A)
I. regalis (J. de C. Sowerby) 1843 Eocene England
E. regularis (Schafhiutl) 1863 Locene Bavaria
E. restrictus (Griepenckerl) 1589 Cretaceous  (fermany
(Senonian)
E. resupinatus (Redtenbacher) 1873 (‘retaceous Austria
(Upper)
E. saufilippoi (Sorrentino) 1932 Cretaceous  Tripolitania
(Maestrichtian)
E. simile Spath, 1953 Cretaceous  Graham
(Upper) Land
E. sloani Reeside, 1924 Eocene South
Carolina
(U.S.A)
E. sphaericum (Forbes) 1846 Cretaccous  India
E. staadti (Cossmann) 1902 Eocene France
E. stephensoni (Dickerson) 1914 Paleocene California
(US.A)
E. stricteumbilicatus (Stehépinsky) 1943 Oligocene Turkey
E. subinflatus (d’Orbigny) 1850 Jurassie France
(Kimmeridgian)
E. sublaevigatum (d’Orbigny) 1840 Cretaceous  England,
(Upper) India,
Madagascar,
Libya
E. subplicatum (Philippi) 1895 Cretaceous  Argentina,
(Upper) Chile
E. szontaghi (Vogl) 1910 Focene Hungary
E. thomi Reeside, 1927 Cretaceous Montana
(Upper) (U.S.A)
E. tumescens (Frauscher) 1895 Eocene Austria
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Stratigraphic Geographic
Species Distribution  Distribution
F. nitenhagense Spath, 1930 Cretaceous  South Afriea
(Valanginian)
L. vmbilicaris (Deshayes) 1835 Eocene France
E. urbanus (Sowerby) 1843 Bocene England
L. rostus ( Kner) 1850 Cretaceous Poland
(Upper)
E. vicentinus (Cppenheim) 1901 Tertiary [taly
(Lower)
E. victorianum (Teichert) 1943 Eocene Australia
E. vinassai (Venzo) 1937 Oligocene Italy

Genus PSEUDOCENOCERAS Spath, 1927
Type species. Nartilus largilliertianus 4°Orbigny, 1840, pl. 18 (by original

designation . PPlcsiotype illustrated on Plate 10, figs. 3, 4.

This genus can be diagnosed as follows: Conch involute, com-
pressed, smooth. Whorl section subrectangular, venter broad,
flattened, ventral shoulders rounded. Whorl sides flattened, sub-
parallel. Umbilical shoulders rounded, umbilical wall nearly
vertical. The suture is only slightly sinuous, essentially straight
across the venter and with a broad, cenerally shallow. lateral
lobe. The siphuncle is subeentral in position, that is, closer to
the dorsum.

As stated by Spath (1927a, p. 24), ' Pseuduvcenoceras is
casily  distinguished from its Cretaceous contemporaries by
its steep umbilical edge, truncated whorl-shape, entomarginal
siphuncle and reclined septal edges.””

The Cretaceous contemporaries of Pscudocenoceras include
members of the Cymatoceratinae, the Hercoglossinae, Eutrepho-
ceras, and Carinonauvtilus. The smooth conech and simple suture
would ally Ewutrephoceras and Pscudoccnoceras: all of the other
eenerie groups are specialized forms trending on quite different
patterns.

There are only 8 species of Cretaceous nautiloids that can be
assigned to Pseudocenoceras, and all are for the most part very
similar. The type species is a common form in Cretaceous strata
of England and France. Nautilus berriasensis Pictet (1867)
from Lower Cretaceous strata of France appears to be closely
allied to Nautilus largilliertianus but has a more central siph-
nncle. Nautilus lehardyi Binckhorst (1861) is a quite aberrant
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form with subangular ventral shoulders and a concave venter.
[t is placed in Pscudocenoceras with guestion.

Pseudocenoceras is a fairly common form in Cretaceous rocks
of Europe from England to the Crimea. One species, Nautilus
applanatys Wanner (1902), is from the Upper Cretaceous of
Libya. A\ list of the species of Pseudocenoceras, their age, and
ceographie distribntion is given below.

DISTRIBUTION OF SPECIES OF THE
GENTS PSEUDOCENOCERAR
Stratigraphic Geographic

Species Distribution Distribution

P. applanatus (Wanner) 1902 Cretaceous  Libya
(Tpper)

P. berriasensis (Pictet) 1867 Cretaceous Franee
(Lower)

P. campicher (Karakasch) 1907 Cretaceous  Crimea
(Lower)

P. fittoni (Sharpe) 1853 Cretaceous  Europe
(Upper)

P. galicianus (Alth) 1850 Cretaceous Poland

P. largilliertianus (d’Orbigny) 1840 Cretaceous Europe
(Cenomanian)

I'.? lehardyi (Binckhorst) 1861 Cretaceous  Belgium
(Maestrichtian)

P, pieteti (Karakasch) 1907 Cretaceous Crimea
(Lower)

Genus CARINONAUTILTUS Spengler, 1910
Type specics. Carinonautilus ariyalurensis Spengler, 1910, p. 149, pl. 14,
figs. 1 a ¢ (monotypic). Illustrated here on Plate 11.

The only data available on this monotypiec genus are the
deseription and illustration of the type species. However, from
this sonrce the following diagnosis is made. The conch is very
involute, compressed, and much higher than wide. The umbilicus
1s small and shallow. The whorl sides are broadly rounded and
converge toward the venter. A distinet furrow aligns the ventral
shoulder. The venter has a prominent rounded keel that on the
adoral part of the living chamber is much broader and is divided
by a median furrow. The umbilical shoulders are broadly
vounded. The widest part of the whorl section is just ventral of
the wmbilical shoulders. The suture is only slichtly convex.
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The only markings oun the shell are growth lines which form
a deep sinus over the venter. The position of the siphuncle is not
known.

At a diameter of 1.5 cm. the venter is not yet keeled but merely
sharply rounded. At 3 em. the single prominent keel is present,
and at 6 cm. diameter the nedian furrow is well developed on
the widened keel.

The measurements of the type speecies are as tollows (Spengler.
1910, p. 149):

Diameter 93 mm.
Height of last whorl 24 ni.
Width of umbilicus 5.5 mm.
Width of last whorl 32 mm.

Spengler (1910, p. 149) recognized the uniqueness of this
species and suggested that it was derived from Nautilus angustus
Blanford (=Cimomie) by sharpening of the ventral area. Con-
temporaneous forms include members of the Cymatoceratinae,
Hereoglossinae, Eutvephoceras and Pseudocenoccras. 1. am in
essential agreement with Spengler on the phylogenetic position
of Carvinonautilus but would derive them from Eutrephoceras,
which is here considered the persistent evolving stock. There is
slight difference between the eutrephoceratid stoek and the
¢imomids. The eutrephoceratids show great variability in their
smooth, involute eonchs and appear to be the only evolutionary
reservoir available to give rise to Carinonantilus.

This mounotypic genus its known only from the Ariyalur
group (Campanian) of the Triehinopoly distriet of southeast
India.

Genus UBINAUTILUS Kobayashi, 1954

Type species. Obinautilus pulelira Kobayashi, 1954b, Type illustration re
produced on Plate 9 figs. 1, 2,

Kobayashi’s description of his new monotypic spectes and
wvenus is quoted below. The specimen is 73 mm. in diameter
last whorl 25 mm. in width, 46 mm. in height and 35 mm. in
median height.

““Shell discoidal, compressed laterally, rapidly eoiling and
quite involute ; umbilicus almost closed, if not completely ; flanks
a little convex, but nearly parallel in the inner half and inelined
abruptly near the umbilicus; ventral sinus shallow but fairly
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broad and provided with an obtuse peripheral carina on eaeh
side which is subangulated inside but outwardly merges with
the flank.

““Radial ribs narrow, flattopped, separated by narrow and
shallow grooves and frequently branching distally by insertion
of fine grooves. These ribs and grooves distinetly bent forward
from the umbilicus. nearly straight or even slightly concave
backward in the broad flank, swing back a little near the venter
and moderately sinuated behind on the venter. The eurvature of
these ribs is very similar to the growth lines of living Nautilus.”’

Kobayashi based the above deseription on a single well-
preserved specimen. The shell is very well preserved and he
(Kobayashi) notes *"its deep and light brown shades must be
the original eolour pattern.”” Unfortunately, neither the suture
nor poesition of the siphuacle was observed. The ribbing de-
seribed Ly Kobayashi appears to be accentuated growth lines
rather than the type of ribbing that is characteristic of the
(‘ymatoceratniae.

The most characteristic feature of Obinautilus is the shallow
but distinet ventral furrow. Because of this modification of
the periphery. Kobayvashi rightly poimted to possible affinities
with the Paracenoceratidae. IMowever, 1 agree completely with
Nobayashi that Obin«utilus should be considered a development
of the Nautilinae rather than derived from any member of
the Paracenoceratinae. Since the suture and position of the
stphunele are not known, this interpretation will have to remain
tentative until morve data hecome available.

Obinautilus pulchra 1s known from one specimen colleeted at
a cutting between Aburatsu and Obi towns in the Provinee of
Hyuga (Miyazaki Pref.), Japan, on the oceasion of the high-
wayv operation. The locality is sitnated in the pre-Miocene ter-
rain where the Nichinan formation containing the Oligocene
Ashiva fauna lies unconformably beneath the Miocene Aburatsu
formation (Kobayashi, 1954b, p. 183).

Genus NAUTILUS Linné, 1758
T po specics. Nawtilus pompilins Linné.
The interpretation of the seope of the genus Nautilus has
changed considerably sinee its formal introduction by Linné.
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In the early period of paleontological research on this group of
tetrabranchiate cephalopods nearly all species were placed in the
single genus Nautilus. Gradually as more and more genera were
proposed, Nautilies became a waste-basket genus for unassigned
forms. The greater amount of attention paid to Paleozoic nautil-
oids soon pre-empted the use of the genus Nawtilus for species
of that age. The genus has persisted for most species of Mesozoie
and Tertiary nautiloids until rather recently. At the present, for
instance, Miller (1951, p. 32) restricts Nautilus to only the
Recent species and all of the Tertiary forms previously assigned
to Nautilus are placed in Kutrephoceras or Cimomia. In this
interpretation I am in full agreement. Futrephoceras is the
persisting stoek out of the Cenoceras complex in Upper Jurassic
time that shows no particular evolutionary trends from its time
of origin to the time of its apparent extinetion in the late
Tertiary. It is the longest-lived single genetic stock of post-Tri-
assic nautiloids, and was ancestral to several other aberrant
groups, namely Pseudocenoceras, Carinonautilus, and Obinau-
tilus. It is also ancestral to Cimomia of the Hercoglossinae which
developed into an extremely abundant and diverse evolutionary
complex. There appear to he no records of any Pliocene or
Pleistocene nautiloids. Aside from Atfuria, all other species of
nautiloids seem to be more closely related to the eutrephoceratid
evolving stock than to modern Nautilus. The number of speecies
and specimens of Miocene nautiloids is still very few. However,
with the above interpretation Neautilus is thought to arise from
the eutrephoceratid stock at some time in the mid or late Ter-
tiary.

The biology and ecology of modern Nautilus has heen very
ably smnmarized by Stenzel (1948, 1952). Similar comprehen-
sive discussions of the morphology, ete., can be found in Miller
(1947). The extensive literature on modern Nautilus is eovered
in the bibliographies of Stenzel’s and Miller’s papers.

Three species of living Nawtilus arve generally recognized,
namely N. pompilivs (with the umbilicus practically obliterated
by the deposition of callus) N. macromphalus (with an open im-
perforate umbilicus), and N. wmbilicatus (with an open finely
perforate umbilieus) (Miller 1947, p. 13). Several ‘‘varieties’
of N. pompilius are recognized but their significance and rela-
tionships are poorly known. To the above three species, Iredale
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(1944) has added two new species, namely N. alumnus, from off
Queensland and New South Wales, and N. repertus from off
Western Australia.

Livine Neutilus is restricted to the southwest Pacific from
South Australia to the southern Philippines and eastward to
the Fiji Islands. Stenzel (1948, p. 84) gives a good summary of
the kunown records for live specimens of Nautalus.

sSubfamily PSEUDAGANIDINAE nov.

This new subfamily is established for two genera of mainly
Jurassie age that include alaptive types characterized by great
sinuosity of the sutuve. These genera arve Pscudaganides Spath,
and Pscudonautilus Meck which Spath (1927) had previously
ineluded in his family ilercoglossidae. As is discussed in more
detail below, Pseudaganides is considered to be a direet radiation
from the C'enoceras complex in the Lower Jurassie; by the Upper
Jurassie it was a widely distributed form in the European
geosynclinal arveas and showed a wide variation in coneh form
and suture. The group did not survive into the Cretaceous.
Sometime during the Upper Jurassic an offshoot from Pseuda-
gunides developed, eharacterized mainly by greater elaboration
of the suture, that is, the formation of a deeper ventral lobe
and angular lateral lobes. Species of this genus range into the
Lower Cretaceous.

In the Carboniferous to Recent history of the nautiloids there
were four distinet adaptive trends built around elaboration of
the suture. As would be expected, there are many homeomorph-
ous forms hetween these adaptive trends. Kach of these trends
hiad its origin in long-persisting, smooth, generalized stocks with
very simple, nearly straizht sutures. The duration of each of
these trends is likewise somewhat limited. The Permian trend
is known only through a single species of the genus Permoceras
from Middle Permian strata of MTimor. The Triassic radiation
is mainly Upper Triassic (Carnian-Norian) in age. The Jurassic
trend, represented by Pseudaganidinae, is Lower Jurassic to
Lower Cretaceous in age with the prineipal radiation in the
Upper Jurassic. The last such trend, that of the Hercoglossinae
and Aturinae, is Upper Cretaceous to mid-Tertiary in range with
the principal radiation in the Lower Tertiary.
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Genus PSEUDAGANIDES Spath, 1927

Pseudaganides Spath, 1927a, pp. 22, 25,

il ereoglossoceras Spath, 19274, pp. 22, 26.

Nautilus (Pseudaganides) Jeannet, 1951, pp. 17-21.

Type spccies. Nautilus kutchensis Waagen, 1873, pl. 3, fig. 4 (Plate 28,
figures 3, 4 of this report). Type by original designation.

When Spath (1927a, p. 22) established this genus the only
remark he made as to its characters was the following statement :
““Pseudaganides, which comprises the early ‘aganitici’, like
Somalinautilus, has its origin i ‘Cenoceras’ and includes, for
example, the large subsinuatus group of the Inferior Oolite, as
abready mentioned.” In his discussion of the type species,
Pscudaganides kutehensis (Waagen), Spath (1927a, pp. 34-35)
nentions the following species as belonging to this genus: N.
aganiticus Schlotheim, N. schlothetni Loesch (=Nautilus (Her-
coglossa) aganiticus Woord and Crick, 1890b, p. 394, fig. 1), and
N. ammoni Loesch; he also included with question N. girardoti
de Loriol and N. subbiangulatus A’Orbigny (=Nautilus biangi-
latns d°Orbigny, 1845, pl. 34, figs. 1-3).

There are approximately 40 species of Jurassie nautiloids with
“eoniatitic T sutures. Besides the Caganitici’” included by Spath
in Pscudaganides, he established the genus HHerecoglossoceras
[type species — Hereoglossa (‘gravesiana (d’Orbigny) var.”)
kochi (Prinz)], a highly compressed form. Pscudonauntilis was
established by Meek for Nautilus geinitzi Oppel (in Zittel, 1868),
and is characterized by a pointed lateral lobe and a very deep
ventral lobe. A number of species from the Upper Jurassic
(recently discussed by Loesch, 1914), Spath tentatively assigns
to Hereoglossa (principally an Upper Cretaceous-Eocene de-
velopment) though he does wmention that they probably rvepre-
scut an indepeudent development.

My own studies lead me to conclude that all of the Jurassic
nautiloids with ‘‘goniatitie”” sutures are part of a single evolu-
tionary line developed from souwe compressed elements of *“Ceno-
eeras’ and this line is quite independent of the later hercoglos-
sid development,

The type species of Pscudaganides — N. Futehensis — comes
from the Middle Chari eroup (anceps zone) of Kachh (Cutch)
Pakistan. The type measures 47 mm. in diameter, 28 mm. for
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length of whorl, 27 mm. as width of the whorl, and the umbilicus
18 5 mm. aecross. Waagen's illustration is reproduced here on
Plate 28, ficures 3, 4. The form of the shell is involute with a
somewhat rectangular whorl section with flattened sides and
venter. The greatest width of the whorl is near the wmbilicus.
The suture has a prominent lateral lobe and a saddle next to
the umbilicus. The suture is projected toward the venter and
has a shallow lobe on the venter. The shell has fine longitudinal
strigation and ¢rowth lines. The strigations disappear towards
the aperture.

1 1
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Fig. 14. Diagrammatic representation of sutures of ., Pseudaganides
brunhuberi (Loesch) 1914, fig. S¢; B, P. franconicus (Oppel) from Loesch
1914, fig. la; C, P. subbiangulatus (d’Orbigny) 1843, from d’Orbigny
1850, pl. 34, fig. 2; D, P. rogeri (Loesch) 1814, fig. 3a; E, P. pellerensis
(Vialli) 1937, fig. 1a; F, P. sinvatus (Sowerby), from Vialli, 1937, fig. la.
All figures greatly reduced.

From the Carboniferous to the Tertiary, evolutionary trends,
formulated on a complication of the suture, have occeurred re-
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peatedly. In most cases it can be established that such evolu-
tionary hnes arose from ancestors with essentially uncomplicated
(nearly straight) sutures. Many of these evolutionary lines are
represented by a single or very few species. Ilowever, some
eronps as the Triassic Clydonautilidac have large numbers of
species. In genera such as Clydonautlus and Proclydonautilus
there is a constancy in the pattern of the suture with, of course,
a degree of modification in shape and depth of the lobes, ete.:
there is, however, a very striking difference or range of variation
in the shape of the conch (see Kunmel, 1953¢, figs. 33, 40, 41).
This suggests that the genetic complex governing the nature of
the suture is less adaptive than the shape of the couch. Among
the Jurassic ‘‘aganitici’” there is a certamm homogeneity in the
suture, mainly in the prouwounced lateral lolie, and in the pro-
Jected ventral saddle with its shallow lobe. The differences en-
countered are more a matter of degree, with some element of the
suture being larger, deeper. or of slightly different shape (Fig.
14). The scope of variation is similar to that found in species
of the Clydonautilidae.

The early ‘‘aganitici’’ such as **Hercoglossa® kochi (Prinz)
of the Lias, Nautilus subsinuatus d’Orbigny of the Inferior
Oolite, N. erassisinuatus Crick also of the Inferior Oolite, N. pcl-
lerensis Vialli of the Bajocian of north Italy, and N. dwilit Gein-

Fig. 15. Cross sections of the conch of A, Pseudaganides pulchellus
(Jeannet) 1951, fig. 45, diameter 44 mm.; B, P. krenkcli (Jeannet) 1951,
fig. 37, diameter 50 mm.; C, I’. oppeli (Zittel) 1868, pl. 4, fig. 1b, diameter
100 mm.; D, P. subbiangulatus (d°Orbigny) 1850, from d’Orbigny, 1843,
pl. 34, fig. 2, diameter 92 mun.: E, I, rogeri (Loesch) 1914, fig. 3D, height
50 mm.; F, P. schneidi (Loesch) 1914, fig. 2a, height 35 mm.; G, P.
aganiticus (Schlotheim) from Jeaunnet, 1951, fig. 42, height 25 mm.; H, P
kochi (Prinz) 1906, fig. 5, height 77 mm.; [, . frickensis (Jeannet) 1951,
fig. 36, diameter 46 mm.; J, P. strambergensis (Oppel) 1865, pl. 2, fig. Sa,
dinmeter 98 mun.; K, P, branheberi (Loesch) 1914, fig. 5h, height 50 m,;
living ehamber; L, P. broahuberi (Loeseh) 1914, fig. Sa, height 39 nnu.;
phragmocone; M, P. sinvatus (Sowerby) trom d’Orbigny, 1843, pl. 32,
diameter 188 mm.; N, P. gravesianus («(’Orbigny) 1843, pl. 38, diameter
270 mun.; O, Pseudonautiius aturioides (Pictet) 1867, pl. 11, fig. le¢, diameter
60 mm.; £, P. malbosi (Pictet) 1867, pl. 9, fig. 2b, diameter 100 mm.; 0.
Pseudaganides dumasi (Pictet) 1867, pl. 10, fig. 21, diameter 60 mm,
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mellaro are all compressed, mvolute forms with the whorls
higher than wide. The sutures have pronounced lateral lobes and
are strongly projected towards the venter which they cross in
nearly a straight line. In nearly all other speeies of Pseudagan-
ides there is a slight lobe on the peripheral area. The lateral
saddle 1in the above early ‘‘aganitici’’ is quite variable. Tt is
very pronounced in N. subsinwatns and N. crassisinuatus but
very low in N. pellerensis and N. duilii. In cach of these latter
two species the umbilical seam passes through about the middle
of the lateral saddle.

The sntures in most of the remaining *aganitici ™ of the Juras-
sic have a shallow lobe on the venter. This small ventral lobe
appears to persist in forms like N. animoni Loesch, N. rogeri
Loesch, N. schieidi Loesch, ete., but in N, schlosseri, after the
ventral lobe having been present, it disappears in the last few
sutires and is nearly straight or only slightly arched aeross
the venter (see Loesch, 1914, p. 115, fig. 8).

There is a rather large degree of variation in the shape of
the conch in the species here assigned to Pscudagaiides (Fig.
15). All of the species have nautiliconic conchs but vary in the
character of the ventral shoulders and in the width to height
proportions of the whorl section. In the type species, N. kul-
chensis, the whorl section is subrectangular with subangular
ventral shoulders, an arched venter, and flattened convergent
flanks. Subangular to aecutely rounded ventral shoulders are
present in N. argoecnsis Loeseh, N. ammoni Loesch. N. klebels-
bergi Tioesel, N. aganiticus Sehlotheim, N. tubingensis Loeseh,
N. helveticus Loesch, N. brunfiuberi Loesch, N. frickensis Jean-
net, and N. subbiangulatus A’Orbigny. Well ronuded ventral
shoulders and arched venters are found in N. pulehellus Jeannet,
N. schueidi Loesch, N. strambergousis Oppel, N, franconicus
Oppel and N. oppcli Zittel. Some species have slightly conecave
venters, as in N, subbiangulatus ’Orvbieny and N. rogert Loeseh,
In N. anumont an'l N. schlossert the venter hecomes slightly con-
cave on the livine chamber, but is arched on the phragmocone.
The width and height measurements of the whorl section in A
kutclicusis are approximately equal. This same ratio is present
in many other species of Pseudaganides (e.e. N. pulehellus Jean-
net. N. rogeri Loesch, N, brunhuberi Loeseh, N. sehneidi Loesch,
N, ammoni Loeseh, ete.). More compressed species include N
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siubbiangulatus 'Orbiguy, N. frickensis Jeannet, N. stramber-
gensis Oppel, ete. Nautilus kochi has a highly compressed coneh
with convergent whorl sides and a rather narrow rounded venter.

t appears to he merely an extreme form of Pscudaganides and
does not warrant separation as a distinet genus.  Ilercoglos-
soccras established by Spath for N. koelin is herve considered a
syunonym of Pseudaganides. Whereas the degree of convergenee
of the whorl sides is greatest in N. kochi the degree of compres-
sion of the eoneh is found in several other speeies.

Lioeseh (1914) has deseribed several speeies of Upper Juras-
sic nautiloids which are very similar in conch shape and suture
to typical Hereoglossa of the late (‘retaeeous and early Tertiary.
That is. these species have well rounded ventral shoulders and
arched venters. Spath (1927a) included them tentatively in
Hercoglossa bhut also expressed the opinion that they ‘‘probably
form an independent development.”” These Upper Jurassic
“hercoglossids ™ niclude among others: N, franconiens Oppel,
N selcddi Loeseh, N, rogert Loeseh, N, brunhubert Loesch, N.
roenieri Lioesch, N, sehirertsehlageri Loeseh, N. sehlosseri Toeseh,
N, stromeri Loesch, N, oppeli Zittel, and N. strambergensis Op-
pel. In all of these species, however, there i1s a shallow ventral
lobe which is not found in the Upper Cretaceous-Tertiary Herco-
glossa. The ereat similarity of these two groups is thought to be
a case of homeomorphy. The true Hercoglossa develop from
Cretaccous Cimomia whereas the Jurassie ‘‘aganitici’” are de-
rived from Liassic (enoceras.

Pseudaganides is widely distributed in ]Illds\l(‘ strata through-
out Europe, and in Pakistan. Of a total of 37 speeies listed
below, 1 is from the Lias, 9 ave from Middle Jurassie strata, and
28 are known from Upper Jurassie formations.

DISTRIBUTION OF SPECIES OF THE GENUS PSEUDAGANTDES

Stratigraphic  Geographie
Species Distribution Distribution
P. aganiticus (Schlotheim) 1829 Jurassic France
(Oxfordian)
P. ammoni (Loesch) 1914 Jurassic Europe
(Upper)
P. argoviensis (Loesch) 1912 Jurassic Switzerlaud

(Oxfordian
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Stratigraphic  Geographic
Speeies Distribution  Distribution
P. bodeni (Loesch) 1914 Jurassie France
(Oxfordian)
P. brurhuberi (Locsel) 1914 Jurassic Europe
(Tpper)
P. clausis {(1’Orbigny) 1342 Jurassic France
(Bajocian)
L. erassisinuatus (Crick) 1893 Jurassie England
(Bajocian)
L. drepanensis (Tagliarini) 1901 Jurassic Sieily
()Middle)
P. duilii (Gemmellaro) 1886 Jurassie Sieily
(Middle)
L. franconicus (Oppel) 1865 Jurassie Europe
(Tithonian)
P.frickensis (Jeannet) 1951 Jurassie Switzerland
(Callovian)
P. girardoti (de Loriol) 1905 Jurassie Switzerland
(Oxfordian)
P. glaber (Foord and Criek) 1890 Jurassie England,
France
P. gravesianus (d’Orbiguy) 1543 Jurassice France
P. helveticis (Loesch) 1914 Jurassic Switzerland
(Upper)
P. klebelsbergi (Loesch) 1914 Jurassic Czecho-
(Tithonian) slovakia
P. kochi (Prinz) 1906 Jurassie Austria,
(Lias) Hungary
P. krenkeli (Jeannet) 1951 Jurassie Switzerland
(Upper)
P, lutchensis (Waagen) 1873 Jurassie Pakistan
(Upper)
P.ledonicus (de Loriol) 1903 Jurassic France
(Oxfordian)
P.oppeli (Zittel) 15868 Jurassie Europe
(TUpper)
P. pellerensis (Vialli) 1937 Jurassie North Ttaly
(Middle)
P. portlandicus (Foord and Crick) 1890 Jurassic England
(Tpper)
P. pulchellus (Jeannet) 1951 Jurassie Switzerland

(Oxfordian)
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Stratigraphie

(Greographie

Species Distribution  Distribution

I'.roemeri (Loesch) 1914 Jurassic East Europe
(Tpper)

P.rogeri (Loeseh) 1914 Jurassie East Europe
(Upper)

P.royeri (de Loriol) 1872 Jurassie France
(Upper)

P. schlosseri (Loesch) 1914 Jurassic East Europe
(Tithouian »

D. sehlotheimi (Loesch) 1914 Jurassie Lorraine
(Middle)

P. sehneidi (Loesch) 1914 Jurassic Furope
(Tithonian)

P schwertsehlageri (Loeseh) 1912 Jurassie Europe
(Upper)

P. strambergensis (Oppel) 1865 Jurassie Czecho-
(Tithonian) slovakia

P.stromeri (Loesch) 1914 Jurassie Czecho-
(Tithonian) slovakia

P. subbiangulatus (d’Orbigny) 1850 Jurassic France
(Bathonian)

P. subsinuatus (d4’Orbigny) 1830 Jurassie England
(Middle)

I tubingensis (Loeseh) 1914 Jurassie Germany
(Upper)

P.turkeryi (Gemmellaro) 1586 Jurassic Sicily
(Middle)

Pscudonautilus Spath, 1927a, pp. 20, 22, 26.

Genus PSECDONAUTILUS Meek, 1876
D'seudonautilus Meek, 1876, p. 491,

Pscudonautilus Miller aud Collinson, 1933, pp. 293-295,

Type specics. Nautilus geinitzi Oppel, in Zittel, 1868,

p. 45, pl. 2, figs. 1-7

(Plate 12, figures 1, 2 and Text-Figure 16 of this report).

This genus is well characterized by the extreme

3

gonilatitic’’

development of its suture. Only four species are assignable to the
genus and the following diagnosis has been compiled from speci-
mens in the M.C.Z. and the deseription and illustrations of
these species.

Conch involute, compressed. and smooth.

Whorl sides flat-

tened, venter low and broadly arched. The ventral and umbilical
shoulders are rounded. The whorl section is higher than wide.
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The umbilicus is very small and deep. The suture has a deep
narrow ventral lobe, a large V-shaped lateral lobe followed by
a rounded saddle with a small second lateral lobe just above
the umbilical seam. There is a deep pointed dorsal lobe. The
siphunele is in a subventral position.

The most diagnostic character of Pseudonautilus is the sinuons
suture with the deep V-shaped ventral lobe. The four species
assignable to Pseudonautilus ave: . geinitzi Oppel, the type
species; N. aturioides Pictet (1867); N. dwmasi Pietet (1867) ;
and N. malbosr Pictet (1867). Loesch (1914, p. 130-131) dis-
cussed in some detail various aspects of N. geinitzi and N. aturi-
oides. Nautilus geinitze is from the Upper Jurassic (Tithonian)
of Moravia, Silesia, and France, and has also been recorded from
the Berriasian of Tunisia by Arnould-Saget (1953). Nawlilns
aturioides is tfrom the zone of Hoplites boissieri, lowest Valan-
ginian (Loesch, 1914, p. 131). Nawtilus malbosi Pictet has more
angular ventral shoulders than in the type speecies and likewise
the ventral and lateral lobes are rounded rvather than pointed.
In respect to the suturve, N. malbosi and N. diwnast are more or
less intermediate forms between typical Pseudaganides and N.
geinitzi, the type species of Pscudonauntilus. The assignment of
these two species to Pseudonautilus is open to question. Nauctilus
malbosi has been recorded from Lower Cretaceous formations in
central Europe (Pictet, 1367), Algeria (Pomel, 1839), and from
the Crimea (Karakasch, 1907).

One of the most remarkable cases of homeomorply among
post-Carboniferous nautiloids is the similarity of Nautilus (Aga-
nides) Obitauniensts llaniel from the DPermian Ditauni beds
(Leonardian) of Timor and Pseudonautilus geinitzi Oppel (Fie.
16.) Miller and Collinson (1953) have recently diseussed this
problem and erceted the genus Permoceras and the Family
Permoceratidace for MHaniel’s species. They likewise recoguized
the homeomorphous relationship of these two nauntiloids. Among
Triassic nautiloids sinwous sutures are found in the Clydonautili-
dae, Gonionautilidae Siberionautilidae, and in the genus Clyme-
nonautilus of the Syringonautilidac. Sinuous sutures are, how-
ever, not common in Permian nautiloids. Among the forms
comprising the Grypoceratidae, Grypoecras (Pluwweroceras)
plummert (Kwmwel, 1953¢) — a compressed evolute, quadrate
whorled form — has a suture with a deep ventral lobe and a broad
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deep lateral lobe. The general shape of the conch except for the
degree of involution is rather similar in ¢. (Plummeroceras) and
Permoceras. Within the complex of Permian nautiloids now
known it seems more logical to consider Permoceras an offshoot
of the Domatoceras-Grypoceras evolving stock and thus a mem-
ber of the Grypoceratidae.

C

() ()

Fig. 16. Diagrammatic representation of sutures and eceross sections of
Permoceras bitauniense (Haniel) (A, B, and Pseudonautilus geinitzi (Oppel”
¢, D, all X 1. From Miller, and Collinson, 1953, fig. 1.

Subfamily PARACENOCERATINAE Spath, 1927

When Spath established this taxonomie unit (originally as a
family) he included in it Paracenoccras Spath, Tithonoceras
Retowski, Somalinautilus Spath, Aulaconautilus Spath, Carino-
nautilus Spengler and with question Heminautilus Spath. Ex-
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amination of topotypes of Heminautilus etheringtoni Durham
and the descriptions and illustrations of H. lallierianus d’Or-
bigny (especially in Douvillé, 1916, pl. 17) lead me to eonclude
that these species belong more properly in the Cymatoeeratinae.
They have the characteristic ribbing, even though in some speei-
mens the ribbing is very weak or absent, and a hercoglossid suture,
more sinuous than the suture in most species of the Paraceno-
ceratinae. ITowever, on the basis of the ornament alome this
egenus should not be left in the Paraeenoecratinae.

Carinonautilis is a monotypic form known only from the
Upper Cretaceous of south India. The paracenoceratids are
primarily a Jurassie radiation from the Cenoceras complex and
it is difficult to visualize a dervivation of Carinonautilus from
this source. It is here allied to the Nautilinae and considered a
derivative of Kutrephoceras which is the long-persisting, slowly-
evolving stock ranging from the Upper Jurassic to the middle
Tertiary. Of the remainmg cenera, only Paracenoceras is wide-
spread and fairly common as far as Mesozoie nautiloids go. It
has by far the largest number of speeies; of a total of 42 species
in this family 35 belong in Paracenoceras. Tithonoceras is mono-
typie, Somalinautilus and Aulaconautilus have three or less
species each.

Whereas Spath did not diagnose this family at length, he did
state that it was ‘‘characterized by differentiation of the peri-
phery, generally associated with incerease of the sinuosity of the
suture line, and a ventral lobe’ (Spath, 1927a, p. 25). Para-
cenoceras has a broad, generally suleate periphery. 7Tithono-
ceras has a broad flattened periphery with a median furrow
and the ventrolateral area projected mto a prominent blunt keel
aligned by furrows. Somalinautilus has an arched venter with
angular ventral shoulders. Awlaconantilus has longitudinal ribs
on the peripheral area.

Both Paracenoceras and Somalinautilus are interpreted as oft-
shoots from the Cenvecras complex. Both of these genera first
appear in the Middle Jurassic and it seems likely that they stem
from separate sources within Cenoceras. Aulaconautilus and
Tithonoceras are more specialized developments stemming from
Paracenoceras. The subfamily is largely confined to the eastern
hemisphere, being known from England, Europe, east and north
Africa, Arabia, and Pakistan. The only occurence of a member
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of this subfamily in the western hemisphere is Paracenoceras in
Cuba. As is so characteristic of post-Triassic nautiloids the main
stock of a subfamily is generally a highly variable form with
many described species and a wide geographie distribution. This
is well iHustrated in the distribution of speeies of this subfamily
(Fig. 17).

Genus PARACENOCERAS Spath, 1927

Paracenoceras Spath, 1927a, pp. 22, 25.

Paracenoceras Spath, 1935h, pp. 224-225.

Paracenoceras Scott, 1943, pp. 88, 89.

Nautilus (Paracenoceras) Jeannet, 1951, pp. 10-17.

Paracenoceras Miller and Collinson, 1952, pp. 626-628.

Type species. Nautilus lexagonus J. de C. Sowerhy, 1826, pl. 529, fig. 2
(illustrated here on Plate 8, fig. 1, and Plate 13, figs. 1, 2; Text Fig.
18). Type by original designation.

Paracenoceras is the only cenus of the Paracenoceratinae that
is nearly world wide in distribution and includes a relatively
large number of species. Of the remaining genera of this sub-
family one is monotypic and the remaining two genera contain
no more than three species apiece. The type species — Nauttlus
heragonus J. de C. Sowerby — was previously only known
through the rather unsatisfactory description and woodeut illus-
tration (J. de C. Sowerby, 1826, pl. 529, fig. 2). Sowerby’s type
is illustrated on Plate 13, figures 1. 2, and Plate 3, figure 1 and
Text Figure 18.

The genus can be diagnosed as follows: Coneli robust, involute,
smooth. Whorl section subtrapezoidal in outline. Whorl sides
flattened, convergent towards a broad venter that may be flat-
tened or trunecate to distinetly sulcate. Ventral shoulders well
rounded. Umbilicus generally small, umbilical shoulders
rounded, nmbilical walls steep. The shell is smooth except for
sinuous growth lines which form a deep sinus on the broad
venter. The suture is only slightly sinuous but with a distinet
ventral and lateral lobe and a small saddle at the umbilical
shoulder and wall. The position of the siphuncle is quite vari-
able but never in an extreme ventral or dorsal position. The
polished median section of Sowerby’s type specimen shows that
the siphuncle is beaded and with short funnels (Plate 8, fiz. 1).
Similar beaded siphuncles have been also noted hy quth (lJ_ld
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p. 23) in species ot “* Bisiphytes,”"” ““Digonioceras,”’ and Cyma-
toceras.

Approximately 35 species of Paracenoceras have been recorde:d
most of which are from Upper Jurassic strata. Spath (1935b, p.
224) has described Paracenoceras prohecagonun from strata o,

Fig. 18. Paracenoceras heragonum (Sowerby). Diagrammatic cross sec
tion of holotype represented by figures 1, 2, Plate 13, aud figure 1, Plate
8, X 1.

)
Jathonian? age. This i1s the oldest species known, and the
voungest species of Paracenoceras appears to be P. rhodani
(Roux) from the Albian of Switzerland.

Sowerby'’s type of Nautilus heragonus, reficured here on Plate
13, figures 1, 2 and Text Figure 18, is a large phragmocone meas-
uring 95 mm. in diameter, 54 mm. in height of last whorl, and
67 mm. in width of the last whorl. The whorl sides are only
slightly convex and converge towards a broad suleate venter.
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The umbilical and ventral shoulders are well rounded. The
umbilicus is fairly large, deep, and funnel shaped. The umbili-
cal walls are very steep. The large siphuncle is subcentral in
position.

Therc i1s much variation in shape of the whorl section among
the various species of Paraccnoceras. The cross sections of 12
species are illustrated mm Figure 19 to show the degree of varia-
tion. Sulcation of the venter of the adoral volution as on the
type species, is not present on several of the species which have
merely truncated venters or ventral areas slightly arched. Para-
cenoceras marocense Miller and Collinson (1952) has a broad
suleate venter at early maturity but the venter Lecomes arched
with inereasing size (Text Figure 19 G-I'). The whorl sides also
show some variation from being slightly concave as in P. hexa-
gonum and P. marocense, to flattened or slightly convex in most
of the remaining species. Variations i suture arve mostly a mat-
ter of degree. Sutures of several species of Paracenoceras ave
illustrated in Figure 20 for comparison.

Paracenoceras costatwim Scott (1943, p. 88, pl. 24, figs. 1. 3).
with prominent sigmoidal eostae on the whorl sides, belongs in
the genus Procymatoceras. Scott (1943, p. 89) compared ** Para-
cenoceras’’ costatum with P. jumarense (Waagen, 1873, p. 21, pl.
4, figs. 1a, b) which has sigmoidal ribs only on the whorl sides,
that terminate in large tubercles at the ventrolateral shounlder.
Iowever, Spath (1927a, p. 32) questions the accuracy of

Fig. 19. Cross sections of the conch of -, Paracenoceras calloviensis
(Oppel), from Waagen 1873, pl. 3, fig. 2h, diameter 65 mm.; B. P. subhexa-
gonum Jeannet 1951, fig. 19, height 42 mm.; C, P. rollieri (Loesch) from
Jeannet 1951, fig. 29, height 27 mm.; D, Afulaconautilus bicarinatus Jeannet
1951, fig. 32, diameter 41 mn.; E, Puaraccnoceras wandaensis (Waagen)
1873, pl. 4, fig. 3b, diameter 85 mmnw; F, Awlaconautilus sercarinatus
(Pictet) 1867, pl. 10, fig. 1b, diameter 107 mm., the genotype ot Aulaco-
nautilus: G, H, I, Paracenoceras maroccnse Miller and Collinson, 1952,
fig. 1 (G, height 28 mm.; H, height 48 mm.; I, height, 72 mm.); J, P.
prohexagonum Spath 1935, fig. 46, height 44 mm.; K, P. hexagonum
(Sowerby) from Spath 1935, fig. 4d, height 56 mm., the genotype of Para-
cenoceras; L, P. dilatatus Jeannet 1951, fig. 8, height 140 mm.; 3, P.
Lumagunensis (Waagen) 1873, pl. 3, fig. 1h, diameter 72 mm.; N, P.
herznachensis Jeannet 1951, fig. 14, height 100 mm.; O, P. ennianum
{(Dacqué), from Scott 1940, pl. 24, fig. 2, height 70 mm.; P, P. arduennensis
(Loesch, 1914) from Jeannet 1951, fig. 26, height 19 mm.; @, Adulaco-
wautilus picteti (Oppel). from Zittel 1868, pl. 3, figz. 36, diameter 95 mm.
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Waagen's illustration and points out that the specimens are
badly weathered. Spath quite rightly maintains that the affini-
ties of P. jumarense ave very doubtful and the species can be
retained in Paracenoccras with question.

A list of the species assigned to Paracenoceras with their gen-
eralized geologic and geographic data is given below. Most of
the species are from the Jurassic Tethyian geosynclinal area and
adjoining epicontinental seas of Europe. Several occurrences
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g, 20. Diagrammatic representation oI saiures of A, Pdaracenoceras
dilatatus Jeannet 1951, fig. 8; B, P. heragonuin (Sowerby), from Spath
1035, fig. 4e, the genotype of Paraccnoccras; (', P. acllini Jeannet 1951,
fig. 25; D, P. marocense Miller and Collinson 1952, fig. 1A; E, P. rollieri
(Loesch, 1914) from Jeannet 1951, fig. 29: F, P. hercnachensis Jeannet
1051, fig. 145 G, Heminantilus stantoni Scott 1940, fig. 179; H, Paraceno-
ceras proliexagonum Spath 1935, fig. d¢; 1, Heminautilus etheringtoni Dur-
ham 1946, fig. 3C'; J, Heminautilus lallicrianus (d ’Orbigny) tfrom Durham,
1946, fiz. 3A. All figures greatly reduced.
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in eastern Africa, Madagascar, Arabia, and in Pakistan form an
eastern extension of the European faunal distribution. The
only oceurrence known in the Western Hemisphere is in Cuba
(Sanchez Roig, 1951). As noted above, most of the species of
Paracenoceras are Upper Jurassic in age.

DISTRIBUTION OF SPECIES OF THE GENUS PARACENOCERAS

Stratigraphic Geographic

Species Distribution Distribution

P. acklini (Jeannet) 1951 Jurassie Switzerland
(Callovian)

P. arduennensis (Loesch) 1914 Jurassic France
(Oxfordian)

P. bruntrutenae (Kuhn) 1936 Jurassic Germany
(Upper)

P. calloviensis (Oppel) 1858 Jurassic Europe
(Callovian)

P. dilatatus (Jeannet) 1951 Jurassic Switzerland
(Callovian)

P.divesianus (Kuhn) 1936 Jurassie France
(Upper)

P. dorsatus (Roemer) 1836 Jurassic Germany
(Upper)

P.dorsoercavatum (Parona and Bonarelli) 1897 Jurassie France
(Callovian)

P. ennianum (Dacqué) 1905 Jurassic Somaliland
(Upper)

P. gigaunteus (4°Orbigny) 1825 Jurassic France
(Upper)

P. granulosum (d’0Orbigny) 1843 Jurassie France
(Upper)

P. herznachensis Jeannet, 1951 Jurassic Switzerland
(Callovian)

P. hexagonoides Spath, 1927 Jurassie Pakistan
(Tithonian)

P. heragonum (J. de Sowerby) 1826 Jurassie Europe
(Upper)

P. jeanneti Sanchez Roig, 1951 Jurassic Cuba
(Oxfordian)

P.? jumarense (Waagen) 1873 Jurassic Pakistan

(Bathonian)
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Stratigraphic Geographie
Distribution Distribution
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.lrumagunense (Waagen) 1873

latifrons (Zwierzycki) 1914
marocense Miller and Collinson, 1952

mjatschl:owanus (Loesch) 1914

.morcaui (d’Orbigny) 1842

mullerriedi Sanchez Roig, 1951
prolhexagonum Spath, 1935
rhodani (Roux) 1848

rollieri (Loesch) 1914

sattleri (IKrenkel) 1910
schattenberyt (Kuhn) 1936

sehusteri (Loesch) 1912

. steulus (Gemmellaro) 1868

sinuosns (Roemer) 1836

. staffelbergensis (Kuhn) 1936

subheragonus (Jeannet) 1951

volgensis (Nikitin) 1888
wandaense (Waagen) 1872

wilmae (Jeannet) 1951

Jurassic Pakistan
(Callovian)
Jurassic Tanganyika
(Upper)
Jurassic Morocco
(Upper) ?
Jurassic Russia
(Upper)
Jurassic France
(Kimmeridgian)
Jurassic Cuba
(Oxfordian)
Jurassic British
(Bathonian?) Somaliland
(‘retaceous Switzerland
{Albian)
Jurassic Switzerland
(Oxfordian)
Jurassic Tanganyika
(Kimmeridgian)
Jurassic Germany
(Upper)
Jurassic France
(Kimmeridgian)
Jurassic Sicily
(Upper)
Jurassie Germany
(Upper)
Jurassic Germany
(Upper)
Jurassic Switzerland
(Callovian)
Jurassic Russia
Jurassic Pakistan
(Upper)
Jurassic Switzerland

(Callovian)
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Genus A ULACONAUTILUS Spath, 1927

Aulaconautilus Spath, 1927a, pp. 22, 25.

Nautilus (Aulaconautilus) Jeannet, 1951, p. 17.

Type speeies. Nautilus serearinatus Pictet, 1867, Pl. 10, figs. la-c (repro-
duced here as Plate 14, figs. 1, 2). Type by original designation.

The following diagnosis is made from study of the descrip-
tions and illustrations of the three speecies that can be assigned
to this genus. No specimens were available for study. Conch
involute, generally compressed, with greatest width of the
whorls just below the wmbilical shoulders. Whorl sides smooth,
convex and converging. Ventral shoulders rounded, venter
broad, low, and with longitudinal ribs. Umbilicus very small,
umbilical shoulders rounded. Suture sinuous with a shallow
ventral lobe, a broad deep lateral lobe with a saddle at the
umbilical shoulder. Position of the siphuncle not known.

Only three species can be placed in Awlaconautilus; these are
. serecarinatus (Pictet) the type species, A. pictcti (Oppel).
and . bicarinatus (Jeannet). There is variability in the conch
shape, suture, and ornamentation. The type species, 1. sercari-
natus, has eight longitudinal ribs on the venter (Plate 14, figs.
1, 2 and Text Figure 19F), divided by shallow furrows. The
median furrow is the most prominent. The ribs at the ventro-
lateral edge are the weakest of the ribs on the venter. Adulaco-
nautilus pictcti has only four longitudinal ribs all of equal
prominence ; the median furrow is the widest and deepest of the
furrows between these ribs. This species likewise is much more
inflated than the type species (Text Fig. 19Q). Aulaconautilus
bicarinatus has a more depressed, subquadratic whorl section
with a broad flattened venter. There are four widely spaced
longitudinal ribs on the venter (Text Iig. 19D). The orna-
mentational pattern of longitudinal ribs on the venter, which
characterizes Aulaconautilus, is unique for post-Triassic nautil-
oids. A homeomorphous development is the Permian and Trias-
sic eenus Awulametacoceras Miller and Unklesbay. The type of
this genus is Middle Permian in age (from Arizona). The only
other species assigned to it is Nautilus rectangularis Hauer of
Upper Triassie age. Aulametacoceras is considered a radiation
from the stable evolving Mctacoceras complex (Kummel, 1953¢).

The sutures of species of this genus, especially those of the
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type species, are very similar in plan and degree of sinuosity
to those of Pseudaganides. The other groups of the Paraceno-
ceratinae have sutures with very shallow lobes and saddles.

The three known species of lulaconantilus come from Upper
Jurassic strata of Europe.

Genus TTITHONOCERAS Retowski, 1894

Tithonoceras Retowski, 1894, p. 223.

Tithonoceras Crick, 1908, p. 14,

Tithonoeeras Spath, 1927a, pp. 20, 22, 25,

Type spcetes. Tithonoceras zitteli Retowski, 1894, p. 223, pl. 13, figs. 2a, b, ¢
(vefigured heve oun Plate 15, figs. 1, 2).

This is another of the numerous monotypie Mesozoic nautiloid
genera. The type species is from Tithonian (Upper Jurassie)
strata of the Crimea. The conch is evolute, compressed, and
smooth. The whorls are subrectangular in outhine. being higher
than wide. The venter is broad, flattened, and with a shallow
nmedian furrow. The ventral shoulders arve inflated and form a
smooth keel-like ridee that is abiened on the venter and the
whorl sides by a furrow. The ventral furrow aligning the
ventrolateral keel is rather narrow bunt very distinet. The fur-
row on the whorl sides adjoining the ventrolateral keel is con-
cave and broad occupying nearly half of the whort side. The
dorsal half of the whorl side is eonvex passing onto a broadly
rounded umbilical shoulder. The umbilicus is large, measuring
one-cighth the diameter of the coneh. The shell is smooth except
for sinnons growth lines which are deeply concave on the venter.
The suture is very sinuwous with ventral and lateral lohes. The
position of the siphuncle is not known.

Proper evaluation of monotypic forms is not entirely satis-
tactory. Little can he said of Tithonoceras except that it appears
to be a specialized offshoot of Paracenoveeras. The eeneral coneh
form is unigue among Carboniferous fo Reeent nautiloids.
There are no homeomorphous {vpes of other ages known to me.
In its derivation from Paracenoeeras there was merely greater
compression of the conch and further elaboration of the ventral
area.

The type and only known species of Tithonoceras came from
Tithonian strata (Upper Jurassic) of the ('rimea, Russia.
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Genus SOMALINAUTILUS Spath, 1927

Type species. Nautilus antiqguus Dacqué, 1910 (=N. bisulcatus Dacqué, 1905,
p. 144, pl. 16, figs. 3a, b). Type by original designation. Type figure
reproduced here on Plate 14, figs. 3, 4.

The Paracenoceratinac are derived from Liassic cenoceratids
and are characterized by modified venters. The earliest species
of this subfamily arve included in the genus Somalinautilus. At
this date only three species of Somalinawtilus have been re-
corded. The type species is from Upper Jurassic (Kimmerid-
oian) strata of Somaliland. The other species definitely assigned
to this genus ave Nautilus fuscus Crick (1898, p. 122) and N.
clausus in Foord and Crick (1890b, p. 234) non d’Orbigny (1842,
p. 158, pl. 33).

From the description and illustration of the type species and
study of several specimens of Nawtilus fuscus in the British
Museum (Natural Iistory), the following diagnoesis is made.
Conch involute, depressed, rapidly expanding, whorls wider
than high. Venter slightly arched with subangular ventral
shoulders, with a distinet furrow on venter adjoining the ventral
shoulder. The whorl sides are concave adjacent to the ventral
shoulders and convex towards the umbilicus. Umbilical should-
ers are sharply rounded and the umbilical wall very steep.
["mbilicus measures less than one-quarter the diameter of the
conch. Surface of the conch with sinuous growth lines and may
or may not have longitudinal striae. Suture forms shallow
vential lobe, generally an angular saddle at the ventral shoulder
tollowed by a broad, shallow, lateral lobe. with a low saddle on
the umbilical wall. The position of the siphuncle in the type
speecies is not known but in Nautilus fuscis it is slightly below
the center.

Each ot the generie groups of the Paracenoceratinae is very
distinet and Somalinauttlus with its subangular ventral shoulders
and low arvched venter is readily differentiated from the other
genera. Nomalinautilus most probably arose directly out of the
Cenoceras complex and not from Paracenoccras. There are
several quadrate whorled forms of Cenoceras which could have
oiven rise to those Middie and Upper Jurassic species placed
in Somalinantilns. Species of this genus are known from Eng-
land, France, and Somaliland.
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Subfamily CYMATOCERATINAE Spath, 1927

This subfamily now comprises 10 genera of post-Triassic
nautiloids which have variable conch shapes and degree of
sinuosity of the suture but have in common an ornamentational
pattern consisting of ribs. Ornamentation is relatively rare in
post-Triassic nautiloids, excepting those forms within the Cyma-
toceratinae. There are no species with nodose ornamentation
known. Within this subfamily there is displayed a wide range
of adaptive radiation as seen in the extent of variation in
conch shape and suture. The genus Cymatoceras is the basic
adaptive type; it has an involute, rounded conch with only a
slightly sinuous suture. Paracymatoceras is like Cymatoceras
in conch form but has a more sinuous suture with distinet lobes
and saddles. Syrionautilus, Anglonautilus, and Eucymatoceras
are differentiated on modifications of the ribbing plan. Cymato-
nautilus, Heminautilus, Epicymatoceras (n. gen., p. 439), and
Deltocymatoceras (n. gen. p. 438) are differentiated by their
modified conch shapes. Heminautilus and Epicymatoceras have
highly compressed conchs and flattened venters. The former is
very involute and the whorl section more convergent in plan.
The latter is more evolute and with a simple, only slightly
sinuous, suture. Deltocymatoceras has a subtriangular whorl
section and Cymatonautilus has an evolute conch with a concave
venter and whorl sides.

The only common and geographically-widely-distributed genus
ts Cymatoceras, This fact is clearly expressed in the number of
species belonging to each group.

Cymatoeeras G4 species
Paracymatocerus 6 species
Heminautilus 5 species
Procymatoceras 4 species
Eucymatoceras 3 species
Anglonautilus 3 species
Cymatonautilis 2 species
Syrionautilus 1 species
Epicymatoceras 1 species
Deltocymatoceras 1 species

Cymatoceras has a truly world-wide distribution. The other
eenera are largely confined to Turope in the epicontinental seas
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adjoining the Tethyian geosyuneline (Text-Figs. 21, 22). Fucy-
matoceras, Anglonautilus, Syrionautilus, Cymatonautilus, Epi-
cymatoceras, and Deltocymaloceras are known only from a belt
extending from England to the Crimea or Caucasus Mountains
in Russia in sediments of the Jurassic and Cretaceous epicon-
tinental seas of and adjoining the Tethys proper. Procymato-
ceras is known from England, Pakistan, and Ethiopia; Hemi-
nautilus and Paracymatoceras arve known outside the European
Tethyian belt from North and South America, Ethiopia, and
Japan.

The known distribution of fossil nautiloids is so dependent
on factors of preservation and concentration of field collecting
that it is probably dangerous to make any too-sweeping conclu-
sions. However, the number of species does at least reflect the
relative abundance of the various genera. If we think of the
Tethys as an ancient circum-equatorial sea the Cymatoceratinae
are found to be largely confined to the borders of this seaway.
Many genera (e.g. Kucymatoceras, Syrionawtilus, Cymatonau-
tilus, Epicymatoceras, and Deltocymatoceras) are confined en-
tirely to the European-Middle East portions of this ecircum-
equatorial sea.

Analysis of the distribution of the Cymatoceratinae on a time
basis throws some light on the general problem of their evolu-
tion. Procymatoceras and Cymatonautilus are known only from
Middle and Upper Jurassic strata. The species of these genera
are confined to the marginal seaways of the Tethys from Eng-
land to India. Whereas, to the best of my knowledge, the
species of these two genera have never been found in a single
stratum and loecality, their geographic and time ranges do over-
lap.

In the Cretaceous, the genus Cymaetoceras is widely distributed
throughout the period. dnglonautilus, Eucymatoceras, and
Hemiautilus are confined to the Lower Cretaceous. Anglo-
nautilus and Fucymatoceras have approximately the same
geographic range from England to the Black Sea. Whereas
Heminautilus also oceurs in this European-Mediterranean-belt
it is likewise known from Ethiopta, Arkansas (U.S.A.), and
Colombia. The Upper Cretaceous genera Epicymatoceras and
Deltocymatoceras occur together in the type Maestrichtian area
of Belgium, and Syrionautilus is confined to the Middle East.
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The wide range in variation of conch shape and suture within
the Cymatoceratinac produced many homeomorphs to other
members of the Nautilidae. The presence of the characteristic
ribbing makes differentiation easy. The coneh shape and suture
of Deltocymaloceras are closely similar to that of Angulithes of
the Ilercoglossinae. The conch shape and suture of many species
of Cymatoceras and Eucymatoceras are nearly the same as that
found i many species of Futrephoceras and Cimomia. The
suture of Paracymatoceras is identical in plan with that found
in Hercoglossa.

This great variability in conch shape and suture leads me to
believe that the Cymatoceratinae form a phyletic group which
has as its main genetic base the ribbing character. Once estab-
lished, this genetic line-had its own adaptive radiation which
is expressed in the many conch shapes, rib patterns, and sutures
as it is in any other group of Mesozoic nantiloids. This subfamily
is the dominant group of Cretaceous nautiloids. Ribbing, on a
pattern somewhat like that in the Cymatoceratinae, oceurred
only once before, and that was in a single species of Upper
Triassie nautiloid-Proclydonautilus spirolobus (Dittmar). The
ribbing in this species is very fine and like that in Syrionawtilus,
whereas in most other venera and species of the Cymatoceratinae
the ribbing is coarser. It is important to note that Proclydonau-
tilus spirolobus belongs to a family that characteristically has
smooth conchs except tor a few forms with nodes developed
during some stage of their ontogeny (Cosmonautilus Hyatt and
Smith, 1905, and Callaionautilus Kieslinger, 1924). The ribbing
patterns found in species of Pleuronautilus are quite different
from those of the Cymatoceratinae.

Data are insufficient to decipher precisely the evolutionary
lines within the Cymatoceratinae. The evidence available
seems to point to C'ymatoceras as the parent stock which gave
rise to most of the remaining adaptive types. The origin of the
subfamily must be directly ov indirectly among the cenoceratid
complex of the Lower and Middle Jurassic. Even though Cyma-
tonautilus and Procymatoceras arve the oldest forms known, they
are both rather specialized and probably not ancestral to Cyma-
toceras, which as far as we now know first appears in the Cre-
taceous.

Neocymatoceras Kobayashi (1954) was established for a single
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speeimen from the Oligocene of Kyushu, Japan. Neocymatoceras
tsukushiense, the type species, is a typical cymatoceratid in conch
shape and rib pattern but has a strongly projected suture which
forms a rounded ventral saddle, a broad sweeping lobe occupying
nearly the whole whorl side, and with what appears to be the
beginning of a saddle on the umbilical area. Cymatoceratids
with sinuous sutures characterize Paracymatoceras. However,
in that genus the saddles and lobes are well defined; that is,
there is always a well-defined saddle on or near the umbilical
shoulder. It is also true though that Paracymatoceras is grada-
tional with Cymatoceras in regard to sutures. Those cymato-
ceratids with more sinuons sutures show the sutures to be more
strongly projected on the ventral area and in this way give
the sinuosity; the lateral saddle at the umbilical area is usually
very weak. Cymatoceras pseudonegama Spengler (Fig. 24 C)
and C. semilobatus Spengler (Fig. 24 D) have such strongly
projected sutures on the umbilical area but not quite to the
extent found in the Japanese Oligocene species. Similar strongly
projected sutures in very small juvenile specimens of Cyma-
toceras have been described and figured by Kummel (1953a)
from Lower Cretaceous formations of Texas. However, the
suture of Neocymaloceras tsukushicnse appears to me to lie
within the range of variation of the suture of Cymatoccras, and
the lack of any lateral saddle in the umbilical area disallows any
affinity with Paracymatoceras. The distinetness of the suture
in Neocymaloceras tsukushiense is only in the marked projection
on the peripheral area, a modification present in several Cre-
taceous species. This interpretation places the Japanese species
in the genus Cymatoceras, and Neocymatoceras is considered a
synonym of Cymatoceras. It should be emphasized that C.
tsukushiense is the only Tertiary Cymatoceratinae known.

Genus CYMATOCERAS Hyatt, 1884

Cymatoceras Hyatt, 1884, p. 301.

Cymatoceras Hyatt, 1894, p. 553.

Nautilus (Cymatoceras) Spengler, 1910, p. 127.
Cymatoceras Spath, 1927a, pp. 21, 25.
Cymatoceras Miller and Harris, 1945, p. 2.
Cymatoceras Durham, 1946, p. 429.
Neocymatoceras Kobayashi, 1954a, pp. 18-20.
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Type species. Nautilus pseudoelegans d’Orbigny, 1840, p. 70, pl. 8 (by
original designation).

Speeies of Cymatoceras are the most common and widely dis-
tributed nauntiloids of the Cretaceous. The characteristic pat-
tern of ribbing and the slightly sinuous septa make identification
of the genus easy. A cast of the type specimen (which is in the
Museum of Natural Iistory, Paris) is illustrated on Plate 16,
figures 1, 2. This same speeimen has previously been illustrated
by Foord and Crick (1890a, p. 551, figs. 3a, b), and this same
ficure was reproduced in Foord’s second Catalogue of the
Fossil Cephalopoda in the British Museum (Foord, 1891, p.
255, fig. 59 a, b). Foord and Crick (1890a, p. 552) quote a letter
from Dr. Paul IFischer expressing doubt as to the identity of
A"Orbieny’s type specimen. Fiseher states: ““The type of Nau-
tilus pseudoelegans is difficult to reeognize. According to the
dimensions given in the original diagnosis (dianteter 240 milli-
meétres, thickness 160 mm. Paléont. Franc. p. 60) our specimens,
No. 4834D, which were sent to you are typical. [Foord and
Crick, page 532, state that two specimens were sent, both num-
bered 4834 D; the larger one is represented by their figure 3.]
Moreover, they come from the neighborhood of Vandeuvre

Fig. 23. C(ross sections of the conch of A, Cymatoceras clegans (.
Sowerby) from d’Orbigny, 1840, pl. 19, fig. 2, diameter 190 mm.; B, C.
sharpei (Sechliiter) 1876; pl. 46, fig. 6, diameter 168 mm.; C, C. tourtiae
(Sehliiter) 1876, pl. 46, fig. 2, diameter 88 mm.; 1), (. cenomanensis
(Sechlitter), 1876, pl. 43, fig. 2, diameter 115 mm.; E, Procymaloceras sub
{runcatus (Morris and Lycett) 1850, pl. 1, fig. 22, diameter 72 mm., the
genotype of Procymatoceras; F, Proecymatoceras baberi (Aorvis and
Liyeett) 1850, pl. 1, fig. la, diameter 82 mw.; &, Paracymatoccras asper
(Oppel) trom Zittel, 1868, pl. 3, tig. 1a, diameter 83 mm., the gemotype
of Paracymatoceras; H, Procymatoceras? intumescens (Waagen) 1873, pl.
3, fig. 3, diameter 90 mm.; I, C. radiatus (Sowerby) from d’Orbigny, 1340,
pl. 14, fig. 2, diameter 188 wmm.; J, C. neocomiensis (d’Orbigny) 1840, pl.
11, fig. 2, diameter 192 mm.; K, C. deslongehampsianion (A°Orbigny) 1840
pl. 20, fig. 2, diameter 65 mm.; L. Kueymatoccras requienianus (d’Orbigny
1840, pl. 10, fig. 2, diameter 280 mm. (=N, plicatus Fitton, 1835); I/,
Cymatoceras neckerianus Pictet, 1859, pl. 16, fig. 1b, diameter 93 mm.;
N, Deltoeymatoceras rugatus (Fritseh and Schlonbach) 1872, pl. 15, fig. 2,
height 80 mm.; O, Epicymatoceras vaelsensis Binckhorst, 1861, pl. ic, fig.
oh, diameter 105 mm.; P, Cymatoccras albensis (A’Orbiguy) from Pietet,
1859, pl. 17, fig. 1b, diameter 95 mm.
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(Départment de 1’Aube), where the species was found.

““But the drawing given by d’Orbigny is faulty; first its
dimensions do not agree with the description; then the drawing
being reduced to one-third the natural size, the specimen which
it represents should have been at least 360 mm. in diameter;
besides, the ornaments are wanting in the drawing on a great
part of the last whorl. . . .

‘‘Consider then the figure by d’Orbigny as only approximate.
D’Orbigny has restored a great many of his plates, for which,
in my opinion, he is very much to blame. . . .

“In the d’Orbigny ecollection no specimen is specially marked
as the type. But d’Archiac (Hist. du progrés de la géologie, vol.
1v, p. 295) quotes N. pseudoelegans, and he has given to the
Museum a speeimen marked fype. This specimen is small (greatest
diameter 150 mm.), and agrees neither with the figure nor with
the dimensions given in d’Orbigny’s original desceription.

““Perhaps the true type was contained in the collection of the
geologist Clément Mullet, who showed d’Orbigny over the local-
ity where N. pseudoclegans abounds?’” In accordance with
the above statement Foord and Crick (1890a, p. 551) in the leg-
end of their figure 3, state that the drawing is from a specimen in
the d’Orbigny Collection in the Museum of Natural History,
Paris. However, Foord (1891, p. 255, fig. 59 a, b) labelled the
same figure as drawn from d’Orbigny’s type specimen.

The type speeimen i1s a much inflated conch, very involute
and with a small wmbilicus. The whorl section is wider than
high with a broadly rounded venter. Whorl sides are also
broadly rounded. The test bears prominent ribs that are sig-
moidal on the whorl sides and form a sinus on the venter. The
suture is only slightly sinuous with shallow ventral and lateral
lobes. The siphunele lies below the center of the septa.

There are approximately 64 species of Cymatoceras recorded
to date. All of these are characterized by the ribbing and the
slightly sinuous septa. The shape of the whorl section is quite
variable in this genus (Fig. 23). The type species, C. pseudoele-
gans, has a depressed, globular conch; one of the most com-
pressed conchs is that of C. neocomiensis (d’Orbigny) (Fig.
23 J). Between these two extremes there are all gradations of
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conch patterns with well rounded venters. Whereas most of the
species are very involute, as in the type, there is a wide range
of variation to rather evolute species as C. patens (Kner, 1850)
and C. tskaltsithelensis (Rouchadzé, 1931). Some of the species
develop sharply rounded to subangular shoulders. Cymatoceras
tourtiae (Schliiter) has a subquadrate whorl section with sub-
angular ventral and umbilical shoulders; the venter is low and
arched (F'ig.23C). The juvenile volutions, however, have broadly
arched venter with well rounded ventral shoulders (Schliiter,
1876, pl. 46, fig. 4). Cymatoceras deslongchampsianum (d’Or-
bigny) has an arched venter with rounded ventral shoulders but
subangular umbilical shoulders with a sloping, slightly arched
umbilical wall (Fig. 23K). Nautilus vaelsensis Binckhorst (1861,
p. 15, and Schliiter 1876, p. 57) is one of the most aberrant
cyvmatoceratids known to me and is made the type of a new
genus (p. 439). The conch is very compressed and evolute. The
whorl sides are slightly convex with broadly rounded umbilical
shoulders and angular ventral shoulders; the venter is flattened.
The test bears the typical cymatoceratid ribbing. The characters
of the ventral area, that is, the flattened venter and the angular
ventral shoulders, are also found in Heminouwtilus. This latter
genus, however, is very involute and the whorl sides are generally
slightly inflated near the umbilical shoulders. Cymatoceras
tourtiae also has the flattened venter and angular shoulders, but
the conch 1s inflated, involute and the whorl section subquadrate.

The position of the siphuncle in the type species (C. pseudo-
elegans) is below the center — that is, closer to the dorsum than
the venter (d’Orbigny, 1840, pls. 8, 9; Foord, 1891, p. 256). Tt
appears that this condition prevails in a majority of the species
of Cymatoceras (e.g. C. neocomiensis, C. radiatus, C. gabbi, (.
colombiana, C. elegans, C. kayeanus, C. kossmati, and C. ceno-
manensis). The siphuncle lies above the center, that is closer to
the venter than the dorsum in C. atlas, C. tenuicostatus, and C.
hunstantonensis. A specimen of ('. loricatus (Schliiter) figured
by Griepenkerl (1889) has a near marginal (ventral) siphuncle.

The suture of C. pseudoelegans is only slightly sinuous with
shallow ventral and lateral lobes. Paracymatoceras differs from
Cymatoceras essentially only in the greater sinuosity of its
suture (Fig. 24). As noted by Miller and Harris (1945, p. 10)
these two genera are more or less gradational in respect to the
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suture. Those specimens with more sinuous sutures, and thus
transitional to Paracymatoceras, include C. colombiana (Fig.
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Fig. 24. Diagrammatic representation of sutures of A, Cymatoceras col-
ombiana Durham 1946, fig. 3G; B, Paracymatoceras teranum (Shumard)
18690, from Miller and Harris 1945. fig. 3A; €, Cymatoceras pseudonegama
(Spengler) 1910, pl. 12, fig. 7d; D, C. semilobatus (Spengler) 1910, pl.
11, fig. 4b; E, C. Willi (Shattuck) from AMiller and Harris 1945, fig. 24,
F, C. layeanum (Blanford), from Spengler, 1910, pl. 12, fig. 72; G, (.
tskaltsithelensis (Rouchadzé) 1931, fig. 6; H, €. kossmati (Spengler
1910, fig. 7Tb; I, C. virgatum (Spengler) 1910, fig, Tes J, C. loeblichi Miller
and Harris 1945, fig, 2C. All figures greatly reduced.
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24.40), C. cenomancnsis. (', tourtiae, C. patens, C. semilobatus
(Fig. 24 D, O kossieaty (Fig. 24 ), and O, virgatum (Fig. 24
I). The type species does not have an annular lobe, which ap-
pears to be the case in the majority of species of Cymatoceras.
However annular lobes in the center of the dorsal lobe are
present in (. radiatus. ('. loeblichi, C. colombiana, and C. tour-
liac. Most species of Cymatoeeras have broad ventral saddles but
some as (. virgatum (Spengler) and C. tskaltsithelensis (Rou-
chadzé) have very pronounced ventral lobes.

Cywmatoceras is the most common, and has a larger number of
species than any of the other genera of the Cvmatoceratinae. All
members of this subfamily have in counnon the characteristic
ribbing. The other genera are differentiated on the basis of spe-
cialization of the ribbing, shape of conch, or suture. Procymato-
ceras has a depressed. rapidly expanding coneh, with whorl sides
and venter flattened. Fucymatoceras has the inflated rounded
conch as in Cymatoceras pseudoclegaus but the ribs form V-
shaped patterns on the venter and on the whorl sides. Paracyma-
toceras is like Cyinatoceras except for the greater sinnosity of the
suture which has a well developed laterval lobe and a saddle at the
wmbilical suture. C'ymatonautilus has a depressed evolute conch
with concave lateral and ventral areas. Syrionautilus has acute,
widely spaced, and nearly straight rvibs. Anglonautilus has a
depressed whorl section with large transverse undulations on
the veuter. Heminautilus has a much compressed conch, with a
flattened venter, and a very sinuous suture. Epicymatoeceras
has a compressed, evolute conch with subquadrate whorl seetion.
Deltoeymatoceras has a subtriangular whorl section.

As stated above in the discussion of the subfamily Cymato-
ceratinae, Ncocymatoceras Kobayashi (1954a) is thought to fall
within the range of variation of Cymatoceras and is placed in
syuoonymy of that wenus.

('ymatoceras is charvacteristic of the Cretaceous. Steuner (1921)
has deseribed Cymatoceras perstriatus (Steuer) from very late
Jurassiec and earliest Cvetaceous strata of Argentina. Cyiato-
ceras tsukushicnse (Kobayashi, 1954a) comes from Oligocene
strata of Japan. These two are the only non-Cretaceous species
of Cymatoceras known to the writer. ("ymatoceras is world-
wide in distribution (Figs. 21, 22).
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DISTRIBUTION OF SPECIES OF THE GENUS CYMATOCERAS

Stratigraphie Geographic

Species Distribution Distribution
C. albensis (4’0Orbigny) 1850 Cretaceous England,
France
C. altavensis (Pomel) 1889 Cretaceous Algeria
(Neocomian)
C. andranofotsyense Collignon, 1951 Cretaceous Madagascar
(Albian)
C. anguliferous (Schlitter) 1876 Cretaceous Germany
(Cenomanian)
C. articulatus (Pulteney) 1813 Cretaceous England
C. atlas (\Whiteaves) 1876 Cretaceous England,
(Upper) France
C.2 averilli (Anderson) 1938 Cretaceous California
(Lower) (U.S.A.)
(. bayfieldi (Foord and Crick) 1890 (‘retaceous England
(Senonian)
(. bifurcatum (Ooster) 1858 Cretaceous Switzerland
C. broitzemensis (Miiller and Wollemann) 1906 Cretaceous = Germany
(Senonian)
.2 campbelli (Meek) 1861 Cretaceous Vancouver
Island, B.C.
C. carlottensis (Whiteaves) 1900 Cretaceons Maple
(Upper) Island, B.C.
C. conomanensis (Schliiter) 1876 Cretaceons Europe
(Cenomanian)
C. colombiana Durham, 1946 Cretaceous Colombia
(Aptian)
C. compressus (Tavani) 1942 (‘retaceous Somaliland
(Albian)
(. erebricostatus (Blanford) 1861 Cretaceous India
(Albian)
C. deslongchampsianum (4°Orbigny) 1840 Cretaceons Europe
(Neocomian-
Cenomanian)
C. eichwaldi (Karakasch) 1907 Cretaceous Crimea
(Lower)
C. elegans (J. Sowerby) 1816 Cretaceous England
(Cenomanian)
C. elegantoides (d’Orbigny) 1840 ('retaceons England,

(Cenomanian) France
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Stratigraphie Geographic
Species Distribution Distribution
C. formosus (Blanford) 1861 Cretaceous India,
(Senonian) Madagascar
G. gabbi (Anderson) 1902 Cretaceous California
(Lower) (U.S.A)
C. guilielmi telli (Ooster) 1858 Cretaceous Switzerland
C. hilli (Shattuck) 1903 Cretaceous Texas
(Lower) (U.8.A))
C. hunstantonensis (Foord and Crick) 1890 Cretaceous England
(Cenomanian)
C. hurleyanus (Blanford) 1861 Cretaceous South India,
(Turonian) Madagascar
C.imbricatus (Crick) 1907 Cretaceous Natal,
Afriea
C. interstriatus (Strombeck) 1863 Cretaceous Germany
‘ (Upper)
C. kayeanus (Blanford) 1861 Cretaceous India,
(Albian- Madagascar
Cenomanian-
Turonian)
C. kossmati (Spengler) 1910 Cretaceous India
(Albian)
C. loeblichi (Miller and Harris) 1945 Cretaceous Texas
(Lower) (U.S.A))
C. loricatus (Schliiter) 1876 Cretaceous Germany
(Senonian)
C. madagascarensis (Yabe and Shimizu) 1924 Cretaceous Madagascar
(Tpper)
C. manuanensis (Crick) 1907 Cretaceous Natal,
(Albian) Africa
C. mikado (Krenkel) 1910 Cretaceous Tanganyika
(Neocomian)
C. nebrascense (Meek and Hayden) 1862 Cretaceous Montana
(Upper) (U.S.A))
C. neckerianus (Pictet) 1847 Cretaceous Europe
(Aptian,
Albian)
C. negama (Blanford) 1861 Cretaceous India
(Albian)
C. neocomiensis (d’Orbigny) 1840 Cretaceous Europe,
(Lower) Crimea
C. neohispanicum (Burckhardt) 1925 Cretaceous Mexico

(Aptian)
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Stratigraphic Geographie
Species Distribution Distribution
C. ocelusus Crick, 1907 Cretaccous Zululand
(. patens (JXner) 1850 Cretaceous Poland,
(Senonian) Termany
C. perstriatus (Steuer) 1921 Jurassie
(Upper) Argentina
Cretaceous
(Lower)
C. pseudoatlus (Yabe and Shimizu) 1924 Cretaceous Japan
(Upper)
C. pscudoelegans (A°Orbigny) Isio Cretaceous Furope
C. psendonegama Spengler. 1910 Cretaceous India
(Albian)
. psewdoncokomiense Shimizu, 1951 Cretaceous Japan
(Aptian)
C. radiatus (J. Sowerhy) 1822 Cretaeeous Europe
C. sakalavum Cellignon, 1949 Cretaceous Madagasear
(Albian)
C. saussureanus (Pictet) 1847 ('retaecous Switzerland
(Albian)
C. scecqurensis (Tavani) 1942 Cretaceous Somaliland
(Albian)
(. semilobatus Spengler, 1910 Cretaceons India
(Albian)
C. semiundatis (Foord) 1891 Cretaceous England
(Cenomanian)
C. sharpei (Sehlitter) 1876 ("retaceous Germany
(Cenomanian )
C.” sinuatoplicatus (Geinitz) 1843 Cretaceous Germany
(Upper)
C. straticostatus (Crick) 1907 ('retaceous Natal,
Afriea
. suciense (Whiteaves) 1879 Cretaceous Sucia Island
(Cpper) Group, B, €,
C. tenvicostatus (Schliiter) 1876 (‘retaccous Germany
(Cenomanian)
(. tourtiac (Schliiter) 1876 Cretaceous Germany
(Cenomanian)
C. txkaltsithelensis (Rouchadzé) 1931 Cretaceouns Russia
(Aptian)
C. tsukushicnse (Kobayashi) 1954 Oligocene Japan
C.undulatiformis Spath, 1927 (‘retaceons Tanganyika

(Neocomian)
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Stratigraphie Geographic
Species Distribution Distribution
(. ventroplieatus (Foord) 1891 Cretaceous Englan;l B
(Cenomanian)
C. virgatus (Spengler) 1910 Cretaceous India
(Albian)
C. woodst (v. Hoepen) 1921 Cretaceous South Afriea
(Upper)

Genus PARACYMATOCERAS Spath, 1927

Paracymatoceras Spath, 1927a, pp. 21, 25,

Paracymatoeeras Miller and Harris, 1945, p. 9.

Paracymatoceras Kummel, 1953a, p. 4.

Type speeics. Nautilus asper (Oppel) Zittel, 1868, pl. 3, fig. 1 (by original
designation). Illustrated on Plate 19, figures 1, 2 and Text Figure 236,
of this report.

Most of the other genera of the Cymatoceratinae are dis-
tinguished trom Cymatoceras on difterentiations of the conch
form or sculpture. Paracymatoceras differs from Cymatoceras
essentially only in the greater elaboration of the suture. It is also
generally agreed that in respeet to the suture C'ymatoceras and
Paracymatoceras intergrade (Fig. 24). The conch form, degree
of involution, and shell seulpture agree perfectly with C'ymato-
ceras. The type species — P. asper — which is of Upper Jurassic
age, has a rounded ventral groove on the most adoral part of
the living chamber (Ifig, 23¢). This feature is not present in
any of the five Cretaceous species of Paracymatoceras known to
date. Aside from the ventral groove i the type species, the
conch form in the other species assignable to Paracymatoceras
are completely similar to or within the range of varation of
Cymatoceras.

Six species can be assigned to this genus ranging in age from
Upper Jurassic through the ('retaceous. Four of the species are
Lower Cretaceous in age. The genus does not appear to be a com-
mon element in nautiloid faunas but it has been recorded from
India, Europe, Texas, and Mexieo (Figs. 21, 22). Some juvenile
forms from the Lower Cretaceous Pawpaw formation of Texas
with perfectly smooth conchs have been recorded by Kummel
(1953a). These specimens are of interest in emphasizing the
difficulties in identifying weakly-ribbed Paracymatoceras and
differentiating these from Hercoglossa.
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DISTRIBUTION OF SPECIES OF THE GENUS PARACYMATOCERAS
Stratigraphie Geographic

Species Distribution Distribution

P.asper (Oppel) 1865 Jurassie Europe
(Upper)

P. karpinskyi (Karakasch) 1907 Cretaceous Crimea
(Lower)

P.? milleri Humphrey, 1949 Cretaceous Durango,
(Aptian) Mexieo

P.rota (Blanford) 1861 Cretaceous South India,
(Albian, Madagascar
Maestriehtian)

P.texanum (Shumard) 1860 Cretaceous Texas
(Lower) (U.S.A))

P. trichinopolitensis (Blanford) 1861 Cretaceous South
(Senonian) India;

East Indies?

Genus PROCYMATOCERAS Spath, 1927

Procymatoceras Spath, 1927a, pp. 21, 25.

Procymatoceras Miller and Harris, 1945, p. 11.

Type species. Nautilus subtruncatus Morris and Lycett, 1850, pl. 1, fig. 2
(by original designation).

The genotype deseribed and figured by Morris and Lycett
does not seem to be available. Several topotype speeimens are in
the collections of the British Museum (Natural History) one of
whiech is illustrated on Plate 17 and the cross seetion of the same
speeimen in Text Kigure 25. From a study of topotype specimens
and the original deseription of the type species the following
diagnosis of Procymatoceras ean be made.

The conech is robust, rapidly expanding, very involute to
ocelunded. Whorl section generally wider than high. On the
living chamber the venter and whorl sides are flattened. The
ventral and umbilical shoulders are well rounded. The whorl
sides eonverge towards the venter. The earlier volutions ave
more rounded in outline. The surface of the eonch bears sinuous
ribs that form a broad sinus on the venter. The ribs appear to
be faseiculate growth lines and may not be homologous with
those of typical Cymatoceras. The ribbing is most distinet on
the living chamber. The sutures are only slightly sinuous with
shallow ventral and dorsal lobes.
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When Spath (1927a) first established Procymatoceras he in-
cluded only the type species and P. baberi (Morris and Lycett)
both from the Middle Jurassic of Great Britain. The topotype
specimen of P. subtruncatus illustrated on Plate 17, and on Text

Fig. 25. Procymatoceras subtruncatus (Morris and Lycett). Diagram-
matic cross section of topotype represented by figures 1, 2, Plate 17, X 0.50.

Figure 25, clearly shows the robust involute character of the
conch and the subtrapezoidal outline of the whorl section.
Neither the suture nor the siphuncle are visible. Nautilus in-
tumescens Waagen has been referred with question to Procyma-
toceras. 1 agree with Spath (1927a, p. 33) that it is doubtful
whether Noetling’s (1896) specimens from Baluchistan assigned
to N. intumescens Waagen arve correctly identified. The only
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other species that appears to belong to this genus is Paraceno-
ceras costatum Scott (1943).

Genus CYMATONAUTILUS Spath, 1927

Cymatonawtdis Spath, 1927:4, p. 21.

Cymatonautilus Miller and Harris, 1945, p. 9.

Tupe species. Naulilus julii (Baugier MS) d’Orbigny, 1850, p. 328 (by
original designation).

The type species of this unusual Jurassic cvimatoceratid was
originally briefly diagnosed but not illustrated by d’Orbigny
(1850, p. 328) who gave Baugier the credit as anthor of this
species. 1lowever, Baugier’s name apparently was only a manu-
seript name, and was never published by him. The first com-
plete deseription and illustration of Nawutilus julii was published
by Guéranger (1865, p. 189, pl. 3). Guéranger’s figures are
reproduced here on Plate 18, figures 1-4.

This genus can be diagnosed as tollows: Conch widely umbili-
cate, robust, whorls subquadratie, being slightly wider than
high. The whorl sides are flattened and with a broad lateral
agroove. The veuter is likewise flattened and with a median
eroove. The coneh bears sinnous ribs that obliquely cross the
suture and form a deep ventral sinus. The suture forms a shal-
low ventral lobe and a broad concave lateral lobe. The siphunele
is subeentral in position, being closer to the dorsum than the
venter, The type specimen came from strata of Calloviau age
in France. Petitelere (1926) has deseribed and illustrated a
specimen of the same species from strata of Bathonian age in
France. Nautilus mojsisoviesi Neumayr (1870) from Upper
Jurassic strata of Awstria most probably also belongs in Cyma-
tonautilus.

The most distinetive. features of this genus are the wide
umbilicus and the grooved venter and whorl sides.  Most species
of the Cymatoceratinae are involute forms.

Genus ANGLONAUTILUS Spath, 1927

Anglonautilus Spath, 1927a, pp. 21, 25,

Anglonautilus Miller and Harris, 1945, p. 8.

Type species. Nautilus undulatus .J. Sowerby, 1813, pl. 40, upper figure (by
original designation).
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Sowerby’s type specimen does not appear to be in the British
Musenm, but the specimen referred to by Foord (1891, p. 245)
labelled “‘Nautilus undulatus, M. C. 182" in Sowerby’s hand-
writing is figured here, Plate 20, figures 1, 2, and Text Figuve
26. This specimen is also numbered B.M.N.H. 66336. Dr. L. F.
Spath kindly informs me that this specimen is unlocalized, hut

Fig. 26. Anglonautilus undulatus (Sowerby). Diagrammatic cross sec-
tion of adoral part of living chamber of topotype represented by figures
1, 2, Plate 20, X 1.

undoubtedly is a topotype from Nutfield, Surrey. This specimen
1s incomplete consisting only of two camerae of phragmocone and
one-third whorl of living ehamber. However, it shows clearly
the most diagnostic feature of the genus, that is the large, fold-
like undulations which are most prominent on the venter and
decrease rapidly on the flanks. The suture forms a very shallow
ventral lobe and a broad shallow lateral lobe. The siphuncle is
subeentral in position being nearer the dorswm than the venter.

Tu addition to the tvpe species which is known from Aptian
to Cenomanian strata in Eneland and various localities in
lurope (fide Foord, 1891, p. 244), Nautilis subalbensis Sinzow
(1913) and N. begudensis Kilian and Reboul (1915) should be
included in Anglonautilus. The former species 1s from Albian
strata in the Crimea and the latter from Hauterivian strata in
southern France.

Genus KUCYMATOCERAS Spath, 1927

Fueymatoceras Spath, 1927a, pp. 21, 22, 25,
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Eucymatoceras Miller and Harris, 1945, p. 9.
Type species. Nautilus plicatus Fitton, 1835, p. 129 (by original designa-
tion).

The type specimen was not available for study but several
conspecific forms are in the British Museum. One of these speci-
mens from the Lower Greensand, Atherfield, Isle of Wight
(B.M.N.H. C335) is illustrated on Plate 21, and the cross section

Fig. 27. Eucymatoceras plicatus (Fitton). Diagrammatic eross section
of plesiotype represented by figures 1, 2, Plate 21, X 1.

in Text Figure 27. The only previous illustrations of the type
specimen are the original woodeut in Fitton (1835, p. 129)
and figures in d’Orbigny (1840, pl. 10; Nautilus requienianus
d’Orbigny 1840 =N. plicatus Fitton 1835) and in Uhlig (1883,
pl. 3).
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The genus can be diagnosed as follows: Conch subglobular,
involute, umbilicus closed, whorl section rounded, broader than
high. Suture only slightly sinuous. The siphuncle is small and
subcentral. Surface of conch with prominent ribs that form a
deep angular V-shaped ventral sinus and on the whorl sides a
similar but asymmetrical salient.

The most diagnostic feature is the V-shaped pattern of the
ribs by which it can easily be distinguished from any other
genus of the Cymatoceratinae. At present only three species
of Bucymatoceras have been recorded, namely N. plicatus Fitton,
the type species, and N. steveni Karakasch (1907, p. 30, pl. 2,
fig. 13; pl. 8, fig. 12) from Lower Cretaceous formations of the
Crimea; and N. stschurouskit Milascheviteh, (1877, p. 125, pl. 1,
figs. 11, 11a) from the Lower Cretaceous of Russia. All of these
species have the depressed, subglobular, rounded conchs. From
the great variability in conch form in Cymatoceras it is doubtful
if the conch form in the known species of Eucymatoceras can be
considered a diagnostic character.

Genus SYRIONAUTILUS Spath, 1927

Syrionautilus Spath, 1927a, pp. 21, 25.

Syrionautilus Miller and Harris, 1945, p. 11.

Syrionautilus Avuimelech, 1946, pp. 523-528; 1947a, p. 690.

Type species. Nautilus libanoticus Foord and Crick, 1890, p. 404, fig. 6 (by
original designation).

All the specimens of Nautilus libanoticus in the British Mu-
seum (Natural History) upon which Spath established his
genus Syrionautilus are more or less crushed and distorted.
One of the syntypes with an attached mandible is figured here
on Plate 7, figure 3 (previously figured by Foord, 1891, p. 371,
fig. 82.). The general form of the eonch is like that of Cymato-
ceras but the character of the ribbing is quite distinet. In Syrio-
nautilus the ribs ave acute and separated by interspaces rather
exceeding their own width. The type of ribbing is very similar
to that of Proclydonautilus spirolobus of the Upper Triassic.
The form and spacing of the ribs in Syrioneutilus are the dis-
tinguishing characters that serve to separate it from allied
genera of the Cymatoceratinae. The position of the siphuncle
and nature of the suture are not known. The type and only
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species so tar referable to this genus comes from Senonian
formation of Syria.

Reecently Avnineleeh (1946, 1947a) has published two short
notes on additional specimens of Syrionautilus libanoticus from
Palestine. As with the types, this new material is also incom-
plete and generally crushed. However, the best and nearly con-
plete specimen was figured by Avnimelech (1947a, pl. 15). Even
though this figcured specimen is also compressed it clearly shows
Nyrionautilus to have an involute, compressed eonch and arched
venter. In other words, it has a typical ¢vmatoceratid eonch but
differs in the character of the ribs.

Genus HedivavTines Spath, 1927
Heminautilus Spath, 1927a, pp. 22, 25,
orticoceras Scott, 1940, pp. 1074, 1075.
Heminautilus Scott 1943, p. 89.
Heminautilus Durham, 1946, p. 432,
Platynautilus Yabe and Ozaki, 1953, pp. 535-61.
Type specics. Nautilus sarbii Morris, 1848, p. 106 (woodeut); Pl 10, figs.
1, 2 of this report (by original designation).

When Spath established this genus he designated Nawtilus
saxrbit Morris (1848, p. 106, woodeut) as genotvpe and thought
this species was the same as N, lallierianns d'Orbigny (1841).
The latter species was first very hriefly diagnosed but not illus-
trated by d’Orbigny in 1941 in the Revue Cuvierienne (p. 318).
and was listed the same vear in his Paléontologie Francaise.
Tervains (rétacés (p. 620).  Nawtilus lallierianus was again
cited by d'Orbigny in his Prodrome (1850. t. 2, p. 112), and
N. saxrbii was listed as a synonym. In none of these publications
is there an illustration and only the first (1841, p. 318) has a
very brief diagnosis. N lallieriains was next deseribed and
illustrated from Switzerland by Pictet and Campiche (1859).
Douvillé (1916) gave a very complete deseription with several
fioures of spectmens of N. lallierianus from Aptian strata east
of Suez. Douvillé likewise placed N. sarbii in synonymy of V.
lallierianus. Foord (1891) recognized both of these species.

The type specimen of Nawtilus sarbii is illustrated on Plate
10, figures 1, 2, and the cross section in Text Figure 28. The
only previous illustrations of this speeimen are the woodcuts in
Morris (18483, p. 106) and Foord (1891, p. 311, fig. 68). Since
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d Orbigny’s N. lallierianus has not been illustrated, and the
deseription is very brief, it is impossible to tell whether it is
conspeeific with N, sexbii. Nauwtilus lallierianus, Douvillé
(1916) is sufticiently distinet from N. saxbii Morris in the form
of the septa and ornamentation of the conch to keep these two
speeies separate. The plaster easts of the specimen of N, lallieri-
anus figured by Pictet and Campiche (1859, pl. 19, figs. 6a, 6¢)
are in the Museum of Comparative Zoology. These sliow no
surface ornamentation whatsoever. The tricarinate character of
the venter is not as well preserved as the fienres by Pictet and
Campiche would lead one to believe.

The genus Heminautilus can be diagnosed as follows: Coneh
mvolute, very compressed, whorls mueh higher than wide. Whorl
sides flattened and strongly converge towards a narrow, flattened
or slightly concave venter. The ventral shoulders are angular.
The venter on the earlier volutions is rounded. The umbilical
shoulders are broadly rounded. Greatest width of the conch
is just ventral of the wmbilical shoulders. The suture is rather
sinunous with a ventral lobe, a subangular saddle on the ventral
shoulder, broad deep lateral lobe and a narrowly rounded saddle
on the umbilical shoulder. The siphuncle is subeentral in posi-
tion lying closer to the dorsum than the venter. The conch
bears sinuous ribs that curve strougly aborally over the ventral
half of the whorl side. The ribbing may be very weak and in fact
is absent on the type of Neawtilus saxbii (which is probably a
juvenile).

Spath originally placed Heminauntilus in his Paracenoceratidae
with question and made note of the possibility that it more
properly belonged in his Cymatoceratidae. The Paracenocera-
tinae are characterized by differentiation of the periphery, gen-
erally associated with inerease in sinuosity of the sutare line.
aud a ventral lobe (Spath, 1927a, p. 25). However, the sutures
of Hewminautilus are mueh more sinnous (Fig. 20). The Para-
conoceratinae have smooth shells, devoid of ribbing. 7Tithono-
eeras, and .lulacouautilus have longitudinal ribs or carinae on
the ventral area but no seulpture on the flanks. Sinuous ¢yma-
toceratid-like ribbing is characteristic of Heminautilus. The
ribbing is well preserved on the specimens of J1. lallierianus fig-
wred by Douvillé (1916, pl. 17, figures 2-6) and on H. rangei
Hoppe (1922, pl. 4, ficures 2, 3). Among the specimens illus-
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trated by Douvillé there is some variability in the strength and
patterns of the ribs. On the earlier volutions the ribs are low,
broad, and rounded and decrease towards the venter. The mature
specimen of Douvillé’s (1916) figure 5, plate 17, has a smooth
outer volution, whereas the larger specimen of figure 6a, b,
shows prominent ribs that are very broad and separated by
narrow concave mterspaces. In Heminautilus etheringtoni Dur-
ham (1946) the ribs are most prominent on the living chamber

L~

Fig. 28. Heminautilus saxbii (Morris). Diagrammatic cross seetion of
holotype represented by figures 1, 2, Plate 10, X 1.

which is about one-third of a volution in length. Topotype speci-
mens of Heminaulilus etheringtonr kindly loaned to me by J.
Wyatt Durham show rather distincet ribbing on early volutions.
with a single large topotype smooth except for prominent growth
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lines. A crushed and weathiered specimen, not referred to by
Durham (1946), from near the top of the basal Velez Sandstone
measures approximately 145 mm. in diameter and has very
prominent ‘‘eymatoceratid’ ribs. The ventral area likewise
appears to have a median longitudinal rib. With the material
available it cannot be determined whether or not this specimen
is conspeeific with H. etheringtoni. They do not come from the
same horizon within the Aptian. No data are available on the
degree and extent of variation in the sculpture of this or most
species of nautiloids. It is very rare that really representative
populations can be collected.

Heminauttlus tyosiensis (Yabe and Ozaki) 1953, shows prom-
inent growth lines on the venter that form a deep V-shaped
pattern. On the lateral whorl sides low radial folds with broader
intervals are present on the type (and only) specimen of this
species. These authors proposed a new genus — Platynautilus
— for their new species, but it is clearly a representative of
Heminautilus and thus Platynautilus is placed in synonymy.

Heminautilus stantoni (Seott) has broad, low, rounded and
widely spaced ribs reaching their greatest prominence on the
middle of the flanks. Heminautilus saxbii, the type specimen
which is figured here on Plate 10, figures 1, 2, is perfectly
smooth but is probably not a mature specimen.

The suture in most species of the Cymatoceratinae are only
very slightly sinuous. Paracymatoceras has a well-developed,
deep, lateral lobe followed by a saddle on the umbilical shoulder.
The suture across the venter generally develops a ventral saddle,
not a lobe. Ciymatonautilus julii has a deep ventral lobe, and a
hroad lateral lobe with the beginnings of a saddle on the umbili-
cal region. *‘Nautilus’” vaelsensis (Binckhorst, 1861) is a very
compressed form with a subrectangular whorl section and a
wide, shallow umbilicus. The truncate venter and compressed
conch are very reminiscent of Heminautilus except in the dif-
ference of involution. The suture of *‘Nautilus’’ vaelsensis has a
very shallow ventral lobe and a broad, shallow, lateral lobe.

The six known species of Heminautilus are from Lower Cre-
taceous formations in Arkansas, England, France, Switzerland,
Egypt, Palestine. Colombia, and Japan.
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DISTRIBUTION OF SPECIES OF THE GENUS HEMINAUTILUS

Stratigraphie Geographie

Species Distribution Distribution
H. etheringtoni Durham, 1946 Cretaceous Colombia
! (Aptian)
H.lallierianus (d’Orbigny) 1840 Cretaceous Europe.
(Neocomian) Egypt,
Ethiopia
H. rangei (Hoppe) 1922 Cretaceous Palestine
(Albian)
H. saxbii (Morris) 1848 Cretaceous England,
(Aptian) France
H. stantoni (Scott) 1940 Cretaceous Arkansas
(Aptian) (U.S.AD
H. tyésiensis (Yabe and Ozaki) 1953 Cretaceous Japan
(Aptian?)

Genus DELTOCYMATOCERAS n. gen.

Type species. Nautilus leiotropis Schliiter, 1876, p. 175, pl. 48, figs. 1, 2
(Plate 22, figures 1, 2 of this paper).

The adaptive radiation within the Cymatoceratinae is ex-
pressed in patterns that are homeomorphous with evolutionary
trends in other phyletic lines within the Nautilidae. Modification
of rib patterns, counch shape, and suture are the more obvious
characters which express evolntion within the subfamily. The
present genus is established for those cymatoceratids with a
more or less triangular outline of the whorl section. The type
species — Nautilus leiotropis, and N. rugatus (Fritsch and
Schlonbach) are the only species known to date that can be
placed in this genus. The triangular outline of the whorl section
serves readily to differentiate this genus tfrom all others within
the Cymatoceratinae.

The type species has a large, inflated, involute conch with
broadly arched and strongly convergent whorl sides. The venter
is marked by a slight rounded, smooth, keel-like ridge. There
are no distinet ventral shoulders, the ventral region grading
evenly onto the flanks. The flanks have prominent c¢ymatocera-
tid ribs that bifurcate near the middle of the whorl sides. The
ribs do not cross the keellike ridge on the venter. The suture
forms a mnarrow, somewhat pointed, ventral saddle, a broad,
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rather shallow lateral lobe, and a prominent saddle on the um-
hiheal shoulder. The position of the siphuncle is not known.

The distinetive subtriangular whorl section with the smooth
keel-like ridee on the venter set Deltocymatoceras leiotropis
apart from all other cymatoceratids. In conch form and suture
pattern D¢llocymatoceras 1s homeomorphous with Angulithes
of the Hercoglossinae, being distinguished by its ribbing. Angu-
lithes is most probably a development of (imomia, a form with a
more rounded whorl shape. Deltocymatoceras is best visnalized
as a sagittate derivative of Cymatoceras which shows much vari-
ation in conch shape.

The type species of Deltocyinatoceras comes from Upper ('re-
taceous (Lmscher-Mergel) of Germany. The original is in
the Musewn of the University of Bonn (fide Schliiter, 1876, p.
175). Deltocymatoceras rugatus comes from Upper (retaceous
strata of Bohemia.

Genus K PICYMATOCERAS n. gen.

Type species. Nautilus vaclsensis Binekhorst, 1861, p. 15, pl. S¢, figs. 2a, b, «.

This new genus Is established for a species of Upper Creta-
ccous nautitoid that has a most unusual conch shape for post-
Triassic nautiloids. The species has been described and fieured
by Binekhorst (1361, p. 15, pl. 5S¢, figs. 2a, b, ¢) and Schliiter
(1876, p. 177, pl. 51, figs. 3-4). Schliiter’s figure is reproduced
here on Plate 23, figs. 1, 2. :

Nautilus raclseusts has an evolute and greatly compressed
conch. The umbilical diameter is approximately 25 per cent
of the diameter of the conch. The whorl section is subgnadrate.
being nearly twice as high as wide. The ventral shoulders are
angular, the venter narrow and flattened. The lateral flanks are
only  slichtly inflated.  The umbilical shoulders are broadly
arched. The suture inseribes a very shallow ventral lobe and
a shallow lateral lobe. The position of the siphuncle is net
known. The conch bears fine sinnous ribs that curve backwards
toward the ventral shoulder and form a slight sinus on the
venter.

Epicymatoceras is distinguished from all other genera of the
(‘vmatoceratinae by its compressed, evolute conch and flattened
venter. [t is the ribbing which attaches this genus to the Cyma-
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toceratinae. Among the (‘ymatoceratinae the only group some-
what similar is Henmanautilus which is likewise compressed in
conch form and with a flattened venter. However. in Heminau-
tilus the whorl section is much more inflated near the umbilieal
shoulders and the flanks more convergent. Likewise this genus
is very involute and with a more sinuous suture. Most of the
remaining genera and species of the Cymatoceratinae have more
involute and inflated conchs.

The presence of cyvmatoceratid ribbing readily differentiates
Epicymatoceras from other subfamilies of the Nautilidae. There
is some similarity in conch shape of Epicymatoceras with that of
Pseudocenoceras of the Nautilinae. However, in that genus the
smooth conch has a well rounded ventral area ,steep umbilical
shoulders, and is more involute.

The type and only species of this genus has been identified
from Upper Cretaceous (Maestrichtian) strata at Vaels near
Achen (Germany) and at Limbourg (Belgium) just south of
Achen.

Subfamily HERCOGLOSSINAE Spath, 1927

Spath (1927a) originally erected this family to include the
following genera: Pseudaganides Spath of the Jurassic and
lowermost Cretaceous; Hercoglossa Conrad, Upper Cretaceous to
Eocene; Hercoglossoceras Spath, Liassic; Pseudonautilus Meek.
Upper Jurassic; Paraturia Spath (=Aturoidea Vredenburg).
Cretaceous to Kocene; and Deltoidonautilus Spath, Eocenec.
Later he (Spath 1927b) included Cimomia Conrad, and Stenzel
(1940) added his genus Woodringia. Restudy of this group
alters the above interpretation in many important details. The
Jurassic hercoglossids, namely Pseudaganides and Pseudonau-
tilus are interpreted as a distinct phyletic line from the Cre-
taceous-Eocene trend involving Hercoglossa itself (see page 389).
IIercoglossoceras is considered to be a synonym of Pseudaganides.
It is merely an early, highly compressed “*agaunitici’” and is part
of the radiation from the cenoceratid complex which went in
for highly modified sutures (P’sendaganitinae). Adaptation to-
wards modified (highly sinuous) sutures is a trend that has
oceurred many times in the evolutionary history of the nautil-
oids. Within the Upper Paleozoice few nautiloids are known with
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highly sinuous sutures. The most extreme development is that
found in Permoceras bitauniensis (Haniel) from strata of
Leonard age in Timor. Grypoceras (Plummeroceras) plwmmeri
Kummel (1953¢) of the Grypoceratidae from beds of Leonard
age in Texas has a deep ventral lobe and lateral lobe. When
Miller and Collinson (1953) established the genus Permoceras
they also erected the family Permoceratidae for their monotypic
genns. [t appears more likely that Permoceras is an aberrant
development from the Dowmatoceras-Grypoceras evolutionary line
and should be included in the Grypoceratidae.

In the Triassie, the first large-scale adaptation towards highly
modified sutures appears in the Clydonautilidae, Gonionautili-
dae, and Siberionautilidae all of the Upper Triassic. The sutural
patterns seen in these groups are closely similar to those of the
Pseudaganides-Pseudonautilus trend of Jurassic age and to the
Hercoglossa-Aturoidea trend of Cretaceous-Eocene age. The
details have been discussed previously (p. 389) and the evidence
seems quite strong that in the Mesozoic there were three separate
radiations built largely around modification of the suture, the
first in the Triassie, the second in the Jurassie, and the third
in the Cretaceous. A similar adaptive trend also took place in
the Cymatoceratinae. Since the basic sutural type must surely
be an adaptive character it is no more than to be expected that
repetition of similar forms will be produced. For the above
reasons Pseudaganides and Pseudonautilus are considered a
separate phyletic development and placed in the subfamily
I’sendaganidinae.

Deltoidonautilus Spath is considered to be a synonym of An-
gulithes Montfort (Kummel 1953a) ). Spath placed Angulithes in
the Nautilidae but it is here considered part of the Hercoglossi-
nae. Woodringia Stenzel (1940) is placed as a synonym of Herco-
glossa since the character upon which it was distinguished —a
slight ventral lobe in the ventral saddle —is of no more than
specific importanee in other genera of this subfamily.

Thus, as now interpreted, the Hercoglossinae include the fol-
lowing genera: Hercoglossa Conrad, Cimomia Conrad, Angu-
lithes Monttort, and Aturoidea \'redenburg. These genera are
all characterized by involute, smooth, couchs with modified
sutures. As has been shown by Miller (1947, 1949) on several
oceasions this group of genera appears to form a linear series
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of inereasing sinuosity in the suture ranging from Cimomia to
Hercoglossa to Aturoidea. Angulithes is probably a special de-
velopment out of Cimomia maintaining an approximate cimomid
type of suture but modifying the whorl section to a subtriangular
shape rather than rounded. Cimomia is readily derived from
Eutrephoceras with which it is more or less gradational. Since
the gencra of this subfamily (with the exception of Angulithes)
are separated on the basis of increasing sinuosity of the suture,
it is understandable that there should be gradational forms.
These gradational forms are found especially between Eutrepho-
ceras and Cimomia and between Cimomio and Hercoglossa. Tt
has been generally assumed that cach of these units had a single
time of origin and thereafter were distinet genetic stocks (Miller.
1949). An alternative interpretation is. however, possible;
that is, that therc were several times in the Cretaceous and
Tertiary when radiations towards sinuosity of the suture oc-
curred and what is normally included in the genus Cimomia is a
group of transitional species and not part of a single linear
trend. The kind and nature of the data available, however, is
not sufficient to test this suggestion. The eutrephoceratid-evolv-
ing stock is the parent stock of several radiations (generic
groups) of rather diverse morphology. The fact that the genetic
potential of the group shows variability in conch shape and
suture, is no reason why any number of these variants in suture
could not become in themselves genetically distinet, to hecome
part of the species complex included in Cimomio.

All four of these genera occur in the Cretaccous and range
mto the Eocene or Oligocene. Cimoniia probably ineludes some
Upper Jurassic species. In numbers of species, Hercoglossa has
21, Cimomia 44, Angulithes 32, and Atwuroidea 11. The relatively
large number of species is largely due to “*monographic’’ highs,
especially i Tertiary faunas.

Geographically, species of this subfawmily are very wide-
spread. The distribution of the Cretaceous species of the sub-
family is illustrated on Figure 29, those of the Tertiary ou
Figure 30. The maps show very well the general overlap in
range of all of the genera. None of the forms is sufficiently com-
mon at any of the localities indicated so that collections could
be made for detailed population studies.
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Genus CTyronra Conrad, 1866

Ctmomia Conrad, 1866a, p. 102.

Cymomia Conrad, 1866b, p. 19.

Cymmomea Conrad, 1868, p. 732.

Cymomia Conrad, 1868, p. 732,

Cimomia Spath, 1927b, pp. 424-428,

Nautilus (Javanoceras) Martin, 1932, pp. 1, 2.

Cimomia Miller and Thompson, 1933, pp. 305-313.

Cimomia Stenzel, 1940, pp. 751-753.

Cimomia Miller, 1947, pp. 39-49,

Cimomia Miller, 1951, pp. 38-47.

Cimomia Haas and Miller, 1952, pp. 329-338.

Type species. Nautilus burtini Galeotti, 1837, from Eocene of Belgium, by
original designation. Figured here on Plate 24.

Most of the species of this genus are Tertiary in age (Paleo-
cene — Lower Oligocene) and the Tertiary species have in recent
years been thoroughly discussed by Miller and Thompson
(1933), Stenzel (1940), Miller (1947), Miller (1951), and Haas
and Miller (1952). The very able diagnosis of the genus by
Miller (1947, pp. 39-40) is quoted here: ‘‘Conch subglobular to
subdiscoidal in shape and nautiliconic in its mode of growth.
Whorls broadly rounded laterally, rounded ventrally, and im-
pressed dorvsally. Umbilicus small: umbilical shoulders low and
broadly rounded. Surface of conch marked by growth lines but
does not bear ribs or nodes. Septa numerous and each suture
forms a broad very shallow broadly rounded or slightly retuse
ventral saddle, a broad shallow broadly rounded lateral lobe, a
narrower higher rounded lateral saddle (located near the umbili-
cal shoulder), a broad rounded lobe on the umbilical wall, and
a fairly prominent internal lateral saddle that extends to a
broad rounded dorvsal lobe. Niphuncle small, cireular in cross
section, and orthochoanitic in structure; its position varies eon-
siderably in different species. but in no case is it marginal.””

Cimomia is in a sense a morphological trausitional form, es-
pecially in its suture, between Eutreploceras and Hercoglossa.
In Eutrephoceras the suture is essentially straight, or only
slightly sinuous: in Hercoglossa the suture has well defined lobes
and saddles. In both of these genera there are transitional forms
to Cimomia, rveflected especially by the suture. That is, in
Cimomia there is great variation in the intensity of the lateral
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lobe and saddle (Fig. 32). There is likewise much variation in
the shape of the conch (Fig. 31). I agree heartily with Miller
(1947, p. 41) that C. kugleri and C. vaughani which have slight
lobes in the ventral saddle should be retained in Cimomia and
not separated from Hercoglossa, as Woodringia was, solely on
this charaeter. In both these species the miedian lobe is not
developed until tull maturity .

Most previous authors who have discussed this genus were
mainly concerned with the speeies which occur in Tertiary for-
mations. There are in addition to these, several species of Cre-
taceous and possibly Upper Jurassic age that should be assigned
to this genus. There is first of all Nautilus romeroi Ihering
(1903, pp. 195-196, fig. 1) of the *“ Etage Rocanéen’’ (Upper Cre-
taceous?) of the territory of Rio Negro in central Argentina,
previously mentioned by Miller and Thompson (1935, p. 570)
and Miller (1947, p. 41). Recently Miller (1951) has recorded
poorly preserved specimens which most surely belong to Cimo-
mia from Maestrichtian formation of Senegal. These specimens
are too poorly preserved to accurately identify specifically, but
there is no doubt as to their generic affinities. From Libya, in

Fig. 31. Cross sections of the conch of A, Hercoglossa harrisi Miller and
Thompson, from Stenzel 1940, fig. 116, diameter 100 mm. ==; B, H. ulrichi
(White) from Stenzel 1940, fig. 116, diameter 170 mm.; €, H? forbesianus
Blantford 1861, pl. 13, fig. 2, dizmeter 75 mm.; D, H. gardnerae Stenzel
1940, fig. 116, diameter 145 mm.; F, H. splendens Stenzel 1940, fig. 120,
Jimmeter 73 mn.; F, Hercoglossa orbiculata (Tuomey) from Miller 1947,
fig. 12, height 174 mm.; G, H. meglameryae Miller and Thompson, from
Ailler and Collinson 1951, fig. 1B, height 100 mm.; H, Aturoidea vieirai
Miller 1931, fig. 16B, height 130 nun.; [, A. parkinsoni (Edwards) from
Miller 1951, fig. 15A, height 180 mm., the genotype of dtwroidea; J, A.
paucifer (Cope), from Miller 1947, fig. 18, diameter 228 mm.; K. Cimomia
restali Miller and Thompson, from Stenzel 1940, fig. 118, diameter 126 mm.:
L, C. haltomi (Aldrich) from Miller 1947, fig. 8, height 104 mm.; A, C.
buceinaeformis Haas and Miller 1952, fig. 2, height 29 mm.; N, C. vaughani
(Gardner) from Stenzel 1940, fig. 118, diameter 59 mm.; 0, C. tuwrcicus
(Krumbeck) 1905, pl. 7, fig. 6b, diameter 120 mm.; P, C. haughti (Olsson)
from Miller 1947, fig. 9, diameter 60 mm.; @, C. subrecta Miller and Thomp-
son, from Stenzel 1940, fig. 118, diameter 120 mm.; R, C. angustus (Blan-
ford), from Stoliczka 1866, pl. 93, fig. 42, diameter 40 mm.
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North Africa, Wanner (1902, p. 143) has described Nautilus
jordani, from formations of Danian age, which is clearly a
species of Cimomia. Alberici (1940, p. 187) lists the range of this
species as Campanian to Danian. The lateral saddle next to
the umbilieal shoulder in both C. romeroi and C. jordani is well
developed and more distinet than in many lower Tertiary species
such as C. septemecastrensis Haas and Miller from Lower Eocene
of British Somaliland and C. sahariensis (Keller) from Eocene?
of French Sudan. Another Cretaceons species which should be
placed in Cimomia is N. angustus Blanford (1861, p. 27, pl. 14,
figs. 1, 2) from the Ootatoor group (Cenomanian) of south
India. Stoliczka (1866, p. 209) records an additional specimen
of this species from the Ariyalur group (upper Senonian) of
south India. The type specimen of N. angustus is a much com-
pressed form with a narrowly rounded venter, and is the most
compressed species of Cimomia of which a record is available.
Stoliczka’s specimen (1866, pl. 93, fig. 4, 4a) is a more in-
flated form and more typical of most species of Cimomia. Speng-
ler (1910, p. 145) expressed doubt as to whether Stoliczka’s speci-
men is conspecific with that illustrated by Blanford. Even if these
two specimens are not conspecifie, they both belong in Cimonmia.
In both specimens the suture has the characteristic pattern found
in Cimonia.

Fig. 32. Diagrammatic representation of sutures of 4, Eutrephoceras
victorianum (Teichert) 1947, fig. 7; B, E. dekayi (Morton) from Reeside,
1924, fig. 1d.; C, Cimomia wyllei (Newton) from Haas and Miller, 1952,
fig. 5; D, Eutrephoceras sloani Reeside from Miller, 1947, fig. 6; E, Cimo-
mia landanensis (Vineent) from Miller, 1047, fig. TA; F, Cimomia subrecta
AMiller and Tlhompson, 1933, from Stenzel, 1940, fig. 119 (2); G, Cimomia
haltomi (Aldrieh) from Stenzel, 1940, fig. 119 (1); H, Cimomia pseudo-
bouchardianum (Spengler) 1910, from Blanford, 1861, pl. 5, fig. 6; I,
Angulithes sowerbyi (Wetherell) from Stenzel, 1940, fig. 124 (1); J, Cimo-
mia vestali Miller and Thompson, 1933, from Stenzel, 1940, fig. 119 (4);
K, Angulithes molli (Douvillé), from Miller, 1951, fig. 12A; L, Cimomia
macfadyeni (Haas and Miller) 1952, fig. 4A; M, Angulithes elliotti (Sten-
zel) 1940, fig. 124 (2); N, . bakeri (Teichert) 1947, fig. 3; O, 4. spathi
(Haas and Miller) 1952, fig. 7; P, A. biyogorensis (Haas and Miller) 1952,
fig. 6; Q, A. chudeaui (Douvillé) from Miller, 1951, fig. 10B; R, 4. sp. from
Haas and Miller, 1952, fig. 8B. All figures greatly reduced.
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The oldest species of Cimomia is thought to be Nautilus turci-
cus Krumbeck (1905, p. 137, pl. 14, fig. 6 a, b) from Upper
Jurassic Glandarienkalkes of Libya. This species has an inflated,
subglobular, smooth conch and a suture that is slightly sinnons
with a rather weak lateral lobe followed by a broad very shallow
saddle. As was pointed out above, graditional forms between
Eutrephoceras and Cimomia are known; N, turcicus can surely
be considered such a form. The shallow, but very distinct lateral
saddle lying above the umbilical shoulder sliows a clear pattern
like that found in Cimomia, even though it is only weakly de-
veloped.

The distribution and age of the species of Cinnoniia are given
below. In addition to these it should be noted that Teichert and
Glenister (1952, p. 737) record the presence of undeseribed
species of Cimomie in beds of Upper (‘ampanian to Lower
Maestrichtian age from the northwest basin of Western Au-
stralia.

DISTRIBUTION OF SPECIES OF THE GENTUS CIMOMIA

Stratigraphie Geographie

Species Distribution Distribution
C. angustus (Blanford) 1861 Cretaceous south India
(Upper)
C. blakei (Avnimelech) 1947 Oligocene PPalestine
C. buccinaeformis Haas and Miller, 1952 Focene 3ritish
Romaliland
C. burtini (Galeotti) 1837 Eocene Belgium
C. cantabrigicnsis (Foord) 1891 Cretaceous England
(Cenomanian)
C. columbinus (Fritsch and Sehlonbach) C'retaceous DBohemia
1872 (Cenomanian )
C. cossmanni (Vredenburg) 1928 Tertiary Pakistan
(Lower)
C. erassiconcha (Vogl) 1908 Eocene Hungary
C. d’orbignyanus (Forbes) 1846 Cretaceous Chile
C. cllipticus (Schafhiutl) 1852 Eocene Bavaria
C. expletus (Zwierzycki) 1914 Cretaceous East Africa
(Neocomian)
C. forbesi (D’Archiac and Haime) 1854 Eocene Pakistan
C. haltomi (Aldrich) 1931 Paleocene Alabama

(U.S.A)
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Species Stratigraphic Geographic
Distribution Distribution
C. heberti (Binckhorst) 1861 Cretaceous Belgium
(Maestriehtian)
(. hesperia Miller and Downes, 1950 Eocene Washington
(U.S.A)
C. hunti Haas and Miller, 1952 Eocene British
Somnialiland
C. intuscatenatus (Martin) 1932 Eocene Java
C.imperialis (J. Sowerby) 1812 Eocene cngland
C. jordani (Wanner) 1902 Cretaceous Libya
(Campanian-
Danian)
C. lrarkarensis Haas and Miller 1952 Eocene British
Somaliland
C. kagleri Miller, 1947 Paleocene Trinidad
C. landanensis (Vincent) 1913 Paleocene Cabinda,
Africa
3. leonicensis (de Zigno) 1881 Eocene Italy
C. maefadyeni Haas and Miller 1952 Eocene British
Somaliland
(. macrocephalus (Schafhiutl) 1863 Eocene Bavaria
C. marylandensis Miller aud Thompson, Eocene AMaryland
1933 (U.S.AL)
C. mol:attamensis (Foord) 1891 Eocene Egypt
C.negritensis (Olsson) 192¢ Eocene Peru
(. parallelus (Schafhiiutl) 1863 Eocene Bavaria
C. pernambucensis (Maury) 1930 Paleocene? Brazil
C. phosphaticns (Bé&AE) 1933 Eocene Morocco
(. pseudobouchardianum (Spengler) 1910  Cretaceous India
(Upper)
(. pusilla Haas and Miller, 1952 Eocene British
Somaliland
(. romerol (Thering) 1903 (Uretaceous Argentina
(Upper) ?
(. sahariensis (Keller) 1932 Kocene ? Freuch
Sudan
C. seelandi (Penecke) 1884 Eocene Austria
C. septemcastrensis Haas and Miller, 1952 Eocene British
Somaliland
(. sindiensis (Vredenburg) 1928 Tertiary Pakistan

(Lower)
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Stratigraphic  Geographic

Species Distribution  Distribution

C. subrecta Miller and Thompson, 1933 Paleocene Mississippi
(US.A),
Trinidad

C. sudanensis Miller, 1951 Paleocene French
Sudan

C. tessieri Miller, 1951 Paleocene Senegal,
Africa

C. turcicus (Krumbeck) 1905 Jurassie Libya

(Upper)

C. vaughani (Gardner) 1923 Paleocene Texas,
Alabama
(U.S.A)

C. vestali Miller and Thompson, 1933 Paleocene Mississippi
(U.S.AL)

C. wyllei (Newton) 1925 FEocene Somaliland

Genus ANGULITHES Montfort, 1808
Angulithes Montfort, 1808, p. 7.
Angulithes Spath, 1927a, pp. 21, 24.
Deltoidonautilus Spath, 1927a, pp. 22, 26.
Deltoidonautilus Spath, 1927h, pp. 427, 428,
Deltoidonautilus Stenzel 1940, p. 759.
Deltoidonautilus Teichert, 1947b.
Deltoidonautilus, Miller, 1947, pp. 64-67.
Deltoidonautilus Miller, 1951, p. 51
Deltoidonautilus Haas and Miller, 1952, pp. 338-344.
Angulithes Kummel, 1953a, p. 8.
Type species. Nautilus triangularis Montfort, 1802 (by original designation
in Montfort, 1808, p. 7).

The generic name Angulithes remained unused by paleontol-
ogists until Spath (1927a) revived it and placed the genus in
the family Nautilidae. Spath (1927a, p. 21) listed as genolecto-
type ‘Nautilites’ triangularis, Montfort, in ’Orbigny, 13840,
plate 12. However, Montfort (1808, p. 7) specifically designated
as type of his genus ‘Nautilite triangulaire du Havre’ (Histoire
des Mollusques, Buffon, édition de Sonnini, tom. 4, pag. 292,
planche 49, 1802). Montfort’s illustration of the type of Angu-
lithes triangularis (1802, pl. 49) is reproduced here on Plate 23,
figure 2. Iis 1808 illustration of this species is reproduced on
Plate 25, figure 1. Both of these illustrations clearly show the
triangular outline of the whorl section, the degree of involution,
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and the subcentral position of the siphuncle. The sutures on
the type illustration (Pl. 25, fig. 2) are undoubtedly oversimpli-
fied and wrong. Many specimens of this species from France
have been illustrated and recorded; thev all have a sinuous
suture with a wide lateral lobe and a small saddle near the
umbilicus. D’Orbigny (1840, p. 79) described and illustrated
Nautilus triangularis Montfort including in the synonymy both
of Montfort’s 1802 and 1808 citations. Ile likewise listed numer-
ous localities where \N. friangularis had been found. It is not
known whether or not d 'Orbigny had access to Montfort’s type.

The name combination of Angulithes triangularis Montfort
(1808) has been validly introduced. There may be a question
as to whether the species could be recognized from Montfort’s
text and illustrations. Even though the suture line as repre-
sented on Montfort’s (1802) illustration of Angulithes triangu-
laris is undoubtedly oversimplified T believe that the species is
recognizable.

At the same time that Spath (1927a) revived the name An-
gulithes, he established a new genus Deltoidonautilus, type
species, Nautilus sowerbyr Wetherell, 1836, in J. de C. Sowerby,
1843, p. 35, pl. 627, figs. 1-3. Angulithes was thought to be con-
fined to the Cretaceous and Deltoidonautilus to the Cenozoic.
While Spath (1927a, p. 26) did not diaguose his new genus, he
made the following comment: ““Deltoidonautilus in whorl shape
resembles the Cretaceous Angulithes, and d’Archiac, and Foord
(1891, p. 327) had compared Deltoidonautilus deluer (d’Ar-
chaic) with Angulithes triangularis. The latter, however, with
its less sinuous suture line, is more closely allied, via Ang.
fleuriausianus (d’Orbigny) with the regular Nautilid stock that
produced Pseudocenoceras in the (retaceous, as it had given
rise before to the less specialized Paracenoceras of the callo-
riensis type.”” The degree of variability in conch shape and
sinuosity of the suture are such that the two groups cannot be
distinguished (Figs. 32, 33). There is almost a continuous series
of species, through the Cretaceous to the Eocene, of involute
nautiloids with narrowly rounded to angular venters. Deltoido-
nautilus is placed as a synenym of Angulithes (Kummel, 1953a).

Angulithes can be diagnosed as follows: Conch very involute,
oenerally compressed, whorl sides slightly convex, strongly eon-
vergent, ventes narrowly vounded to angular. Suture moder-
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ately sinuous with a narrowly rounded ventral saddle, a broad
lateral lobe, a narrow, rounded saddle, and a small lobe on the
umbilical shoulder. Siphuncle small and loeated near the dor-
sum,

Foord (1891, p. 267) has noted that in the type speeies —A.
triangularis — the periphery can be alternately rounded and
sharply angular. Angulithes senegalensis (Douvillé) has a sub-
angular periphery on the earlier growth stages but at maturity
the venter is rounded (MMiller, 1951, fig. 14).

Angulithes is in many respects transitional to both Cimomia
and Hercoglossa, differing mainly in its subtriangular whorl
seetion. It is open to question whether this generic group repre-
sents a continuous genetie line or trend or whether it may be
eomposed of numerous adaptive trends with this conch shape
stemming at several times from either Cimomia or Hercoglossa.
The oldest speeies of Angulithes known to date are A. arcuatus
(Deshayes) from the Albian of France and England and A.
muniery (Choffat) from Cenomanian (Cretaecous) of Dortugal
(Choffat, 1886) and Peru (Schlagintweit, 1912). Kummel
(1953a) has recorded an indeterminate speeies of Angulithes
from the Pawpaw formmation, Tarrant County, Texas. The young-
est species is A. bakeri (Teichert, 1947, 1952) from Oligoeene
strata of Australia. There are seven speeies of Angulithes re-
corded from the Cretaceous (Iig. 29). DMost of these are known

Fig. 33. Cross sections of the conch of 2, Angulithes sowerbyanus
(A’Orbigny) 1840, pl. 16, fig. 2, diameter 270 mum.; B, .. deluci (d’Archiac)
from Miller, 1951, fig. 11A, diameter 128 mm.; C, L. triangularis Montfort,
from d’Orbigny, 1840, pl. 12, fig. 2, diameter 200 mm., the genotype of
Adugulithes; D, A. flewriausianus (d’Orbigny) 1840, pl. 15, fig. 2, diameter
192 wmm.; £, A, flewriausianus (d°0Orbigny) from Stoliczka, 1866, pl.
94, fig. 1a, diameter 100 wmm.; I, A. fleuriausianvs (d’Orhigny) 1840, pl.
15, fig. 3, height 64 mm.; G, 4. sowerbyi (Wetherell) from Miller 1947,
fig. 13A, height ST mwm.; H, .. sp. (Haas and Miller) 1952, fig. SB, height
38 mm.; I, . westphalicus (Schliiter) 1876, pl. 47, fig. 2, diameter 369
mm.; J, A. tamulicus (Kossmat) 1897, pl. 6, fig. 6, height &t mm.; K, .
elliotti (Stenzel) from Millex 1947, fig. 13B, height 110 mm.; L, A. chudeaui
(Douvillé), from Miller 1951, fig. 10A, height 56 mm.; M, 4. rogeri (Miller)
1951, fig. 13, height 100 mm.; X, . molli (Douvillé), from Miller 1951, fig.
12B, height 72 mm.
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from Upper Cretaceous formations of Europe. Species are also
known from south India, Peru and Texas (U.S.A.). Tertiary
species of Angulithes are very widely distributed, being known
from North and South America, Kurope, Atrica, Pakistan, and
Australia. Most of the Tertiary species are Eocene in age (Fig.
30).

DISTRIBUTION OF SPECIES OF THE GENUS ANGULITHES

Stratigraphic Geographic

Species Distribution Distribution
A. aegyptiacus (Foord) 1891 Eocene Egypt
A. arcuatus (Deshayes) in Leymerie, 1842 Albian France,
England
A. bakeri (Teichert) 1947 Oligocene Australia
A. biyogorensis (Haas and Miller) 1952 Eocene British
Somaliland
A. caheni (Miller) 1951 Eocene Landana,
West Africa
A. calvimontcensis (Bédé) 1948 Eocene France
A. cassinianus (Foord and Crick) 1890 Eocene England
A. chudeaui (Douvillé) 1920 Eocene French
Sudan
A. deluei (d’Archiac) 1854 Tertiary Pakistan
(Lower)
A. elliotti (Stenzel) 1940 Focene Texas
(US.A)
A. fleuriausianus (d’Orbigny) 1840 Cretaceous Europe
A. galea (Fritsch and Sehlénbach) 1872 Cretaceous Bohemia
(Upper)
A. haughti (Olsson) 1928 Eocene Peru
A. hazaraensis (Das-Gupta) 1916 Tertiary Pakistan
(Lower)
A. lamarekii (Deshayes) 1824 Eocene France
A. lemoinei (Miller) 1951 Eocene French
Sudan
A. molli (Douvillé) 1920 Eocene French
West
Africa
A. munieri (Choffat) 1886 Cretaceous Portugal,

(Cenomanian) Peru
A. parabolicus (Sehafhiutl) 1863 Eocene Bavaria
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Stratigraphic Geographic

Species Distribution Distribution
A.rogeri (Miller) 1951 Paleocene Senegal
A. rollandi (Leymerie) 1846 Eoeene France
4. senegalensis (Douvillé) 1920 Eocene Senegal
A. singularis (Haas and Miller) 1952 Eocene British
Somaliland
A. somaliensis (Newton) 1925 Eocene British
Somaliland
A.sowerbyanus (d’Orbigny) 1840 Cretaceous France
(Upper)
A.sowerbyi (Wetherell) 1836 Eocene England
A, spathi (Haas and Miller) 1952 Eocene British
Somaliland
. subfleuriausianus (d’Archiac) 1850 Tertiary Pakistan
(Lower)
A. tamulicus (Kossmat) 1897 Danian India
. togoensis (Miller) 1951 Eocene Togo
A. triangularis Montfort, 1802 Cretaceous France,
(Upper) England
. westphalicus (Schliiter) 1872 Cretaceous Germany
(Senonian)

Genus HERCOGLOSSA Conrad, 1866

Hercoglossa Conrad, 1866a, p. 101.

Hercoglossa Hyatt, 1883, pp. 270-271

Enclimatoceras Hyatt, 1883, p. 270.

Hercoglossa Spath, 1927a, pp. 22, 25, 26.

Hercoglossa Miller and Thompson, 1933, pp. 313-324,

Hercoglossa Stenzel, 1940, p. 743.

Woodringia Stenzel, 1940, pp. 753-75Y.

Hercoglossa Miller, 1947, pp. 49-64.

Woodringia Miller, 1947, pp. 67-69.

Hercoglossa Miller, 1951, pp. 47-51.

Type species. Nautilus orbiculatus Tuomey, 1854, from Paleocene of Ala
bama, designated by Ilyatt (1883), neotype designated by Miller and
Thompson (1933). Neotype refigured here on Piate 27, figs. 1, 2.

The most recent and comprehensive study of this genus is
that by Miller and his diagnosis is quoted here (Miller, 1947,
p.50) :

**Conch nautlhcomc in its mode of growth and subglobular
to subdiseoidal in form. Whorls more or less flattened (but
typically very hroadly rounded) laterally, rather narrowly
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rounded ventrally, and deeply impressed dorsally. Umbilicus
small ; umbilical shoulders rounded. Surface of the test smooth.
Septa fairly numerous, and each suture forms a broad very
broadly rounded ventral saddle, a deep rounded lateral lobe, a
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Figure 34
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similar lateral saddle, a shallower rather broad rounded lobe on
or near the umbilical wall, and a broad rounded internal lateral
saddle that extends to a deep rather narrowly rounded dorsal
lobe. Siphuncle small and orthochoanitic in strueture; its posi-
tion varies counsiderably in the different species but in no ease
is it marginal.”’

Hereoglossa is closely related to Cimomia from which it dif-
fers in shape of the suture, to Angulithes from which it differs in
shape of the whorl section and frow .Afuwroidea from which it
differs in shape of suture and position of the siphunele (Iigs.
31, 32, 33, 34). Ilercoglossa is derived from Cimomia and in-
corporates a more advanced or sintous suture.

The genus Woodringia was established by Stenzel for W.
splendens Stenzel and W. simiensis (Vokes) which have a cimo-
mid type of conch in being subglobular, and a hercoglossid type
of suture except for a shallow lobe on the venter (I%ig. 34).
Stenzel difterentiates Woodringia on the depressed aspect of
the whorl section aud the presence of a ventral lobe; he con-
sidered Woodringia to be an independent offshoot from some
hercoglossid ancestor. Whereas hercoglossids have in general
more compressed couchs than cimomids, there is much variation
in the shape of the whorl section (Figure 31). T do not consider
the shape of the coneh in this particular case to be of any diag-
nostic value. As to the suture, the presence of the ventral lobe
in the ventral saddle is a modification that has oceurred in
other stocks and has been held to be of not morve than speecific
value. Among species of ("imomia, for example, the ventral sad-

Fig. 34. Diagrammatic representation of sutures of ., Adturoidea pauei-
fex (Cope) from Miller and Thompson, 1935, pl. 65, fig. 21 B, . viciral
Miller, 1951, fig. 16-A; C, Hercoglossa gurdnerae Stenzel, 1940, fig. 117
(1); D, IH. diderrichi Vineent, from Miller, 1951, fig. 9; E, H. diderrich’
Vincent, from Stenzel, 1939, fig. 117 (2); F, H. harrisi Miller and Thompson,
1937, from Stenzel, 1940, fig. 117 (8); G, H. orbiculata (Tuomey) from
Stenzel, 1940, fig. 117 (3); II, II. splendens (Stenzel) 1940, fig. 121 (1);
I, 1. meglameryae Miller and Thompson, 1933, fig. 2D; J, Il. maracaiboen-
sis Miller and Collinson, 1951, fig. 2A; K, H. simiensis Vokes, 1937, from
Stenzel, 1940, fig. 121 (2); L, H. popenoei Miller and Downs, 1950, fig. 1;
M, H. danicus (Schlotheim) from Blanford, 1861, pl. 13, fig. 4. All figures
greatly reduced.
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dle is normally well rounded, but in C. kugleri Miller and (.
varghani (Gardner) a slight median lobe appears at late ma-
turity. Likewise two species of Ad#uria have ventral lobes whereas
the ‘‘normal’’ state is a rounded ventral saddle. In Aturia
berryi Stenzel (1940, p. 764-770, pl. 40, figs. 1-3, text figs. 125
(7) and 126 (2)) the suture is ‘‘slichtly wavy across the venter
so that there is a very shallow ventral lobe in the center flanked
on either side by a shallow ventral saddle.”” However, Miller
(1947, p. 88) suggested that the slight ventral lobe may be
adventitious in that he could not discern this lobe in any of
the other sutures. However, there is another speeies of Aturia,
A. coxi Miller, 1947 (=4A. narica Cox 1927, non Vredenburg)
from Lower Miocene of Pemba Island in the Zanzibar Protec-
torate. In this species there is a distinet, rather deep, ventral
lobe. 1 have had the opportunity of examining this specimen
in the British Museum and agree with Cox that it belongs in
Aturia, and T agree with Miller that it is a distinet species.
In each of the above cases we are dealing with merely local
aberrant species.

Another generie group that displays the same type of varia-
tion in the ventral suture is Pseudaganides. In this genus
the “normal’’ condition is to have a slight lobe on the venter;
however, a few Upper Jurassie species as P. schlosseri (Loesch,
1914, pp. 114-11§, fig. 8) develop a rounded ventral saddle on
the last mature sutures where previously a shallow lobe ap-
peared.

Two species of early Cretaceous nautiloids with sinnous *her-
coglossid’” sutures are very difficult to evaluate. These are
Nautilus ricordeanus A’Orbigny and N. forbesianus Blanford.
The former species (N, ricordeanus A’Orbigny) was never illus-
trated by its authior and only very briefly diagnosed. Subse-
quently Kilian (1915, pp. 17, 18) desceribed and illustrated a
specimen from Aptian (Lower Cretaceous) formations of south-
eastern France which he assigned to N. ricordeanus. The speci-
men is small (44 mm. diameter), involute, compressed, with
rounded venter, and flattened sides. The suture 1s broadly
arched over the venter and forms a narrowly rounded V-shaped
lobe on the lateral sides. The remaining portion of the suture is
not visible in Kilian’s illustration. Nautilus forbesianus is from
Albian strata of south India (Blanford. 1861) and is likewise
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an involute, compressed form with an arched venter and the
suture has a broad, nearly straight course across the venter and
a V-shaped lateral lobe. The character of the suture of these
two species suggests affinity to Aturoidea more than to Herco-
glossa. However, the position of the siphuncle is nearer the
venter rather than nearer the dorsum as in Aturoidea. Cre-
taceous species of Hercoglossa and Aturoidea are indeed very
rare and any interpretation of these two species can only be
tentative pending discovery of new material. It seems that in
spite of the apparent specialization of the lateral lobe it
would be best to ally these two species, with question, in
Hercoglossa. The derivation of Aturoides from Hercoglossa has
been a long-accepted, and to me, a correct interpretation. The
oldest species of Aturoidea is A. serpentinus (Blanford) from
Senonian strata of south India. Nautilus ricordeanus and N.
forbesianus are thus here considered as part of the earliest
radiation from Cimomia but perhaps are not part of the main
evolutionary line but still congeneric with the principal group.

The species assigned to Hercoglossa with their time and geo-
graphic range are listed below. The geographic distribution is
noted on the maps of Figures 29, 30. Teichert and Glenister
(1952, p. 737) record the presence of an undescribed new cari-
nate species of Hercoglossa from Eocene strata from the north-
west basin of Western Australia.

DISTRIBUTION OF SPECIES OF THE GENTUS HERCOGLOSSA
Stratigraphic Geographie

Species Distribution Distribution
H. danicus (Sehlotheim) 1820 Danian Europe, Asia,
Afriea
H. diderrichi Vincent, 1913 Paleocene Senegal
H.? forbesianus (Blanford) 1861 Cretaceous South
(Albian) India
H. gardnerae Stenzel, 1940 Paleocene Texas
(US.A)
H. harrisi Miller and Thompson, 1937 Paleocene Trinidad
H. innominanda Fleming, 1945 Eocene New
Zealand
H.lamegot Oliveira, 1953 Paleocene Brazil
H.madagascariensis Collignon, 1951 Cretaceous Madagascar

(Uper)
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Stratigraphic Geographic

Species Distribution Distribution
H.meglameryae Miller and Thompson, 1933 Paleocene Alabama
(U.S.AL)
H. merriami Dickerson, 1914 Paleocene California
(U.S.AL)
H.orbiculata (Tuomey) 1854 Paleocene Alabama
(U.S.AD
H. pavlowi (Arkhanguelsky) 1904 Paleocene Russia
H. peruviana Berry, 1923 Eocene Peru
H. popenoet Miller and Downs, 1950 Paleocene Baja,
California
(U.B.A)
H.? ricordeanus (d’Orbigny) 1847 Cretaceous France
(Aptian)
H. simiensis Vokes, 1937 Paleocene California
(U.S.A)
H.splendens (Stenzel) 1940 Paleocene Texas
(U.S.AL)
H. tuomeyi Clark and Martin, 1901 Eocene Maryland,
Virginia,
(U.S8.AL)
H. ulrichi (White) 1882 Paleocene Ark., Tenn.,
Ala., Miss.,
Texas
(U.S.A)
H. walteri Miller, 1947 Paleocene Alabama
(U.8.A)
H.waringi Miller, 1947 Eocene Trinidad

Genus ATUROIDEA Vredenburg, 1925

Aturoidea Vredenburg, 1925, p. 9.

Paraturia Spath, 1927a, pp. 22, 26.

Paraturia Spath, 1927b, p. 428.

Aturoidea Vredenburg and Cotter, 1928, p. 18.

Aturoidea Schenck, 1931, p. 450.

Aturoidea Miller and Thompson, 1935, pp. 563-571.

Aturoidea Teichert, 1943, pp. 258-261.

Aturoidea Haas, 1947, pp. 243, 244.

Aturoidea Miller, 1947, pp. 69-77.

Aturoidea Miller, 1951, p. 68.

Type species. Nautilus parkinsoni Edwards (subsequent designation by
Miller and Thowmpson 1933, p. 563). Figured here on Plate 28, figures
1, 2.
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Miller (1947) has recently thoroughly reviewed the available
data on this interesting genus and I find myself in essential
agreement with most of his conclusions. His diagnosis of
Aturoidea is quoted here (Miller 1947, p. 70):

“*Conch sublenticular in shape and nautiliconic in its mode
of growth; all known forms are large. Whorls compressed,
flattened laterally, rounded ventrally, impressed dorsally. Um-
bilicus closed; umbilical shoulders rounded. Septa asyvnumetri-
cally sigmoidal; each mature suture forms a very broad high
blunt ventral saddle, and on either side of it a deep narrow
asymmetrical narrowly rounded lateral lobe, a broad high
broadly rounded asymmetrical lateral saddle, a broad rounded
lobe with its center near the umbilical seam, and a broad rounded
saddle located on the side of the impressed zone and extending
to the large rounded V-shaped dorsal lobe. Siphuncle sub-
central or subdorsal in position (being nearer the dorsum than
the venter, but not in contact with the dorsum), and ortho-
choanitie in structure — the siphuncular segments are essentially
cylindrical in shape and the septal necks are relatively long.
being only slightly shorter than the connecting rings.”’

Only 11 species of Aturoidea have been recorded to date and
each species is known by one or very few specimens only, a fact
unfortunately applicable to most post-Triassic nautiloids. As
pointed out by Miller on various occasions Afuroidea is very
closely related to Hercoglossa and Aturia; in fact, it is more or
less intermediate between them. It differs from Hercoglossa in
the position of the siphuncle and in the character of the suture.
In Atfuria the dorsal (marginal) position of the siphuncle and
the infundibular flexures of the septa are distinctive. The main
variations in the suture are in the width and shape of the lateral
lobe.

In A. serpentinus and A. schweinfurthi, both of Upper Cre-
taceous age, the lobe is well rounded and rather broad. However.
in A. vieirai from strata of questionable Upper Cretaceous age
the ventral flank of the lateral lobe has a distinctive flexure in
the lower part making the tip of the lobe narrowly rounded.
This same type of modification of the lateral lobe is present in
A. mathewsonii of Paleocene? age, in A. paucifer of Eocene
age, in A. pilsbryi of Eocene age, and in A. parkinsoni, of
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Eocene age. The lateral lobe is very narrow and pointed in A.
distans from the Eocene of Australia.

There are too few specimens or species of Atwurotdea known
to recognize any distinet evolutionary patterns within the group.
Species of Aturoidea are known from formations of Cretaceous,
Paleocene, and Eocene age and have been recorded from Eng-
land, Austria, India, Africa, Australia, Peru, California, and
New Jersey (U.S.A.) (Figs. 29, 30). Teichert and Glenister
(1952) report undeseribed specimens of Aturoidea from Upper
Maestrichtian age from western Australia.

DISTRIBUTION OF SPECIES OF THE GENUS ATUROIDEA

Stratigraphie Geographic

Species Distribution Distribution
A. brunlechneri (Frauscher) 18953 Eocene Austria
A. distans Teichert, 1943 Eocene Australia
A. mathewsonii (Gabb) 1864 Paleocene California
(U.S.A)
A. olssoni Miller, 1947 Eocene Peru
A. parkinsoni (Edwards) 1849 Eocene England
A. paucifex (Cope) 1866 Eocene New Jersey
(U.S.A)
A. pilsbryi Miller and Thompson, 1935 Eocene New Jersey
(U.8.A)
A. schweinfurthi (Quaas) 1902 Cretaceous Libya
(Campanian-
Maest.)
A. serpentinus (Blanford) Cretaceous India
(Senonian)
A. spathi (Vredenburg) 1928 Eocene India
A. vieirai Miller, 1951 Cretaceous Angola
(Upper?)

Subfamily ATURINAE Hyatt, 1894

Genus ATURIA Bronn, 1838

Type species. Nautilus aturi Basterot, by subsequent designation, Herrmann-
sen, 1846, and by virtual tautonymy.

The genus Aturia, the sole member of the Aturinae, has re-

ceived more intensive study than any other group of post-Trias-
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sic nautiloids. The most comprehensive discussion is that of
Schenck (1931), and recently Miller (1947) has deseribed the
specimens of Afwuria known from the Americas. Schenck (1931,
pp. 448, 449) gives a complete synonymy of the genus and this
need not be repeated here. Since Schenck’s paper, Stenzel
(1835, pp. 553-556) has proposed two new subgenera, A. (Nilalu-
rie) and A. (Brazaturia) ; however, I agree with Miller (1947,
p. 81) that these subgeneric categories should not be used. Pre-
viously Thering (1921, p. 76) had proposed the subgenus Afuria
(Sphenaturia) but this name is also suppressed (Schenck, 1931,
p. 450; Miller, 1947, p. 81).

This genus is characterized mainly by the infundibular adapi-
cal flexure of the septa around the dorsal marginal siphuncle.
The conch is usually more compressed and the suture more ad-
vaneed than in other Tertiary nautiloids. There is very good
ontogenetic evidence of the orvigin of Aturia from Hercoglossu
through Atwroidea (Miller 1947, pp. 78, 79). The genus has
been so thoroughly discussed by Schenck (1931) and Miller
(1947) that I have nothing of significance to add.

Aturia is truly a cosmopolitan genus, nearly world-wide in
distribution and ranges in age from lowest Paleocene (possibly
Upper Cretaceous) well into the Miocene (Fig. 35). The named
units, ‘‘species,’”’ of Aturia recorded so far are listed below.

DISTRIBUTION OF SPECIES OF THE GENUS ATURIA

Stratigraphic (reographie
Species Distribution Distribution

958

.alabamensis (Morton) 1834 Eocene Atlantie
and Gulf
Coastal
Plain;
Mexico

. alaskensis Schenck, 1931 Oligocene Gulf of
Alaska

.angustata (Conrad) 1849 Oligocene- Calif,;

Miocene Wash.;

Oregon
(U.8.A.)

L. aturi (Basterot) 1523 Miocene France, Java

—

e
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{

Stratigraphic Geographie
Species Distribution Distribution
A. australis MeCoy, 1867 Miocene Southeast
Australia
A. basteroti Benoist, 1838 Oligocene France
A. berryi Stenzel, 1940 Oligocene Mississippi
(U.8.4.)
A. brazoensis Stenzel, 1935 Eocene Texas
(U.S.A)
A. briiggeni Thering, 1921 Eocene ? Chile
(Tierra del
3 Fuego)
A. caroliameghinoi (Ihering) 1902 Eocene ? Argentina
4. charlesworthi Foord, 1891 Eocene England
A. clarkei Teichert, 1944 Miocene Western
Australia
A. cori Miller, 1947 Mioecene Pemba
Island,
Zanzibar
A. cubaensis (Lea) 1841 Oligocene 7 Cuba
A. eurvilineata Miller and Thompson, 1937  Miocene Florida
(U.S.A)),
Trinidad,
Venezuela,
Ecunador
A. dickersoni Schenck, 1931 Paleocene ? California
(U.S.A)
A. jelsehi Thering, 1921 Eocene ? Chile
A. formae Parona, 1899 Eocene Ttaly
A. garretti Stenzel, 1940 Eocene Louisiana
(U.S.A)
A. grandior Schenck, 1931 Eocene Washington
Oligocene (U.8.A))
A. grangei Fleming, 1945 Miocene New Zealand
A. kerniana Anderson and Hanna, 1925 Eocene California
(U.8.A))
A. koenei Gagel, 1928 Eocene Germany
A. laticlavia Stenze!, 1935 Eocene Texas
(U.8.A)
A.? linicentensis Vincent, 1907 Eocene Belgium
Aturia lotzi Bohm, 1913 Miocene? S. Africa
A. Tueuloensis Milier, 1938 Miocene Angola
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Stratigraphic Geographie

Species Distribution Distribution
A. mackayi Fleming, 1945 Eocene New Zealand
4. morrissi Michelotti, 1847 Miocene Italy
A. myrlae Hanna, 1927 Eocene California
(U.8.A.)
4. narica Vredenburg, 1925 Oligocene Pakistan
A. panamensis Miller, 1947 Eocene Panama
A. paronai Rovereto, 1900 Oligocene Italy
A. peruviana Olsson, 1928 Eocene, Peru,
Oligocene Ecuador,
Colombia,
Venezuela
A. praeziczac Oppenheim, 1903 Paleocene Egypt
A. preaturi (Cuvillier) 1935 Eocene Egypt
A. radiata Bellardi, 1872 Miocene Italy
A. richardsi Miller, 1947 Oligocene Mississippi
(U.S.AL)
4. rovasendiana Parona, 1899 Eocene Italy,
Hungary,
Egypt,
Palestine
4. somaliensis Haas and Miller, 1952 Eocene Somaliland
4. tokunagai Shimizu, 1926 Miocene Japan
A. triangula Stenzel, 1935 Eocene Texas
(US.A)
A. turneri Stenzel, 1940 Eoecene Texas
(C.S.A)
A. vanuzemi (Conrad) 1847 Eocene New Jersey
(U.S.A)
A. yokoyamai Nagao, 1926 Eocene Japan
A.ziczac (Sowerby) 1812 Eocene England
ADDEXNDUM

The very stimulating monograph by Benavides (1956, Cretaceous System
in northern Peru. Am. Mus, Nat. Hist., Bull. 108, pp. 357-493, pls. 31-66)
was published wheu this paper was in page proof. The new genus of nauti-
loid proposed by Benavides, Lissoniceras (type, Nautilus mermeti Coquand)
is elearly a synonym of Angulithes as interpreted in this report.



KUMMEL: POST-TRIASSIC NAUTILOID GENERA 469

BIBLIOGRAPHY

AGNESOTTI, ALDA

1937. Su alcune forme di Nautilidi della Sirtica (Libia). Natura, vol.

28, fase. 3, pp. 109-123.
ALBERICI, ERMINTA [

1940. Contributo alla conoscenza dei Cefalopodi eretacici della Libia.
Ann. Mus. Lib. Stor. Nat., Tripoli, vol. 2, pp. 165-188, pl. 19.
Republished in Ist. di Geol.,, Paleont., e Geog. Fisica della R.
Univ. di Milano, Ser. P, Pub. 24, pp. 165-188, pl. 19.

AvpricH, T. H.

1931. Description of a few Alabama Eocene species and remarks on

varieties. Ala. Geol. Survey, Mus. Paper 12, pp. 1-21, pls. 1-6.
ALTH, ALOIS

1850. Geognostisch-paldontologische Beschreibung der nichsten Umge-
bung von Lemberg. Natur. Abh. Haidinger, vol. 3, pp. 172-248,
pls. 9-13.

ANDERSON, F. M,

1902. Cretaceous deposits of the Pacific Coast. California Acad. Sei.
Proe., ser. 3, Geology, vol. 2, no. 1, pp. 1-154, pls. 1-12.

1938. Lower Cretaceous deposits in California and Oregon. Geol. Soc.
America Spee. Paper 16, pp. 1-339, pls. 1-84.

, and G. D. HaNNA

1925. Fauna and stratigraphic relations of the Tejon Eocene at the
type locality in Kern County, California. Calif. Aecad. Sci., Occ.
Papers, vol. 11, pp. 1-249, pls. 1-16.

ARCHIAC, A.p’, and J. HAIME

1853- Description des animaux fossiles du groupe nummuitique de

1855. 1’Inde, précedée d’un résumé géologique et d’une monographie
des nummulites. Paris, 2 vol., 373 pp., 36 pls.

ARKHANGUELSKY, A, D.

1904. Dépots paléocénes de la région volgienne du gouvernement de
Saratov et leur faune. Materialien zur Geolgie Russlands, vol.
22, Lief. 1, pp. 1-207, pls. 1-12.

ARNOULD-SAGET, S.

1953. Les ammonites pyriteuses du Tithonique Supérieur et du Ber-
riasien de Tunisie centrale. Annales des Mines et de la géologie
(Régence de Tunis) no. 10, pp. 1-132, pls. 1-11.

AVNIMELECH, MoSHE

1943. Lower Tertiary Aturia from Palestine. Jour. Paleont., vol. 17,

pp. 115-119, 5 text figs.



470 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

1946. On Nautilus libanoticus Foord and Crick, in the Senonian of
Palestine. Ann. Mag. Nat. Hist.,, 11th ser.. vol. 12, no. 92, pp.
523-528.

1947a. Supplement to the note on Nautilus libanoticus Foord and Crick.
Ann. Mag. Nat. Hist., 11th ser., vol. 13, no. 106, p. 690, pl. 15.

1947b. Nautilus blakei, a new Oligocene mollusk from Palestine. Jour.

_ Paleont., vol. 21, pp. 476-479, pls. 70 71.
Bassg, ELIANE

1931. Monographie paléontologique du Crétacé de la province de
Maintirano, Madagasear. Tananarive, Service des Mlines, Gou-
vernement Général de Madagasecar et Dépendances, pp. 1-86, pls.
1-13.

BASTEROT, B. DE.

1825. Deseription géologigue du bassin tertiaire du sud-ouest de la
France, premiére partie comprenant les observations générales
sur les Mollusques fossiles, et la description particuliére de ceux
qu’on rencontre dans ce bassin. Paris Soc. Hist. Nat., Mém., vol.
2, pp. 1-100, pls. 1-7.

BEDE, P.

1933. Sur une nouvelle espéce de Nautile des terrains phosphatés du
Sud Tunisien. Bull. Soe. Sei. Nat. Maroe, vol. 12, nos. 7-8,
pp. 281-287, 2 figs., (1932).

1948. Sur une nouvelle espéce de Nautile, Nautilus calvimontensis nob.,
du Lutetien des environs de Paris. Soe. Géol. France, Bull. ser. 3,
vol. 18, pp. 219 225, pl. 9a.

BELLARDI, LUIGI
1872. I Molluschi dei terreni terziari del Piemonte e della Liguria.
Pt. 1, pp. 1-264, pls. 1-15.

BexoisT, E. Al
1888. Coquilles rossiles des terrains Tertiaires moyens du sud-ouest
de la France, description des eéphalopodes, ptéropodes, et gastro
podes opisthobranches (Aecteonidae). Actes Soe. Linnéenne
Bordeaux, vol. 42, pp. 11-84, pls. 1-3.

BERRY, E. W.
1923. A new Hercoglossa from the Eocene of Peru. Am. Jour. Sei., 5th
ser., vol. 6, pp. 427-431.

BixckHORST, J. T.
1%61. Monographie des gastéropodes et des céphalopodes de la eraie
supérieure du Limbourg. Bruxelles et Maastricht, 1861. pp.
1-83, pls. 1-6; pp. 1-44, pls. 5b-d, 7, 8, 8a, 9 (Reprinted in 1873).



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 471

BLaxForp, H. F. and F. SToLICZKA
1861- The fossil Cephaltopoda of the Cretaceous rocks of southern India ;
1866. Belemnitidae -— Nautilidae (by H. F. Blanford). Ammonitidae,
with a revision of the Nautilidae, ete. (by F. Stoliezka). Meni.
Geol. Surv. India (Palaeont. Indica), ser. 1, 3, vol. 1, pp. 1-126,
i-xii app.. pls. 1-94,
BoOHM, JOHANNES
1929, Foziéne und mioziine Versteinerungen aus Angola. Zeitschr.
Dentsche Geol. Gesell.,, vol. 81, pp. 450-458, pls. 15, 16.
BouULE, M., P. LEMOINE, and A. THEVENIN
1907. Paléontologie de Madagascar, III Cephalopodes Crétacés d’en
virons de Diego Suarez. Ann. de Pal,, vol. 2, fase. 1.
BURCKEHARDT, CARLOS
1925. Faunas del Aptiano de Nazas (Durango). Inst. geol. Mexico,
Bol. 45, pp. 1-71, pls. 1-10.
BUVIGNIER, AXMAND
1852. Statistique géologique, minéralogique, minérallurgique et paléon
tologique du département de la Meuse. Paris, 694 pp.. 32 plates
(in Atlas).
CASTILLO, A. DEL, and J. G. AGUILERA )
1895. Fauna fosil de la Sierra de Catorce, San Luis Potosi. Bol. de la
Comision Geolbgica de Mexico, I, pp. i-ix, 1-55, pls. 1-24.
Crapuls, M. F., and M. G. DEWALQUE
1853. escriptions des Fossiles des Terrains Secondaires de la Provinece
de Luxembourg. Bruxelles, pp. 1-303, pls. 1-38.
CHAPMAN, FREDERICK
1915. New or little known Vietorian fossils in the National Museum.
Part XVII — Some Tertiary Cephalopoda. Roy. Soe. Vietoria,
Proe., n. s., vol. 27, pp. 350-361, pls. 3-8.
1921. The specific name of the Australian Aturia and its distribution.
Roy. Soe. Vietoria Proce. n. s., vol. 34, pp. 12-16.
CHOFFAT, PatTL
1886. Recueil d’études paléontologiques sur la faune Crétacique du
Portugal, vol. 1. Espéces nouvelles ou peu connues. Premiére
série, pp. 1-40, pls. I-18.
CLarRg, W. B,, and G. C. MaRTIN
1901. Mollusca (of the Eocene of Maryland). Md. Geol. Survey,
Eocene, pp. 122-203, pls. 17-37.
CoLLIGNON, M.
1949, Recherches sur les faunes Albiennes de Madagascar. I. L’Albien
d’Ambarimauninga. Ann. Géol. Serv. Mines, Madagascar, fase.
no. 16, pp. 1-123, pls. 1-22,



1951a.

1951b.

Coxrap, T.
1847.

1866a.

1866h.

1868.

BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

Recherches sur les faunes Albiennes de Madagascar. V. L’Albien
supérieur d’Andranofotsky (Cercle de Manja). Ann. Géol. Serv.
Mines, Madagascar, fase. 19, pp. 7-40, pls. 1-7.

Le Crétacé supérieur d’Antonibe. Couches de passage du Crétacé
au Tertiaire. Ann. Géol. Serv. Mines, Madagascar, fase. 19, pp.
75-148, pls. 1-8.

A,

Observations on the Eocene formation, and descriptions of one
hundred and five new fossils of that period, from the vieinity of
Vicksburg, Mississippi; with an Appendix. Aead. Nat. Sei.
Philadelphia, Proe., vol. 3, pp. 280-299.

Observations on Recent and fossil shells, with proposed new
genera and species. Am. Jour. Conch., vol. 2, pp. 101-103.
Check List of the Invertebrate Fossils of North America; Eocene
and Oligocene. Smithson. Mise. Coll,, vol. 7, pub. 200, pp.
1-41.

In Cook, G. H.: Synopsis of the Invertebrate ¥ossils (of the Cre-
taceous and Eocene of New Jersey). N. J. Geol. Survey. Ap-
pendix A, pp. 721-732.

Corg, E. D.

1866.

An Aturia from the Cretaceous of New Jersey. Acad. Nat. Sei.
Philadelphia, Proc., vol. 18, pp. 3-4.

Cossyman, M.

1901. Additions a la faune Nummulitique d’Egypte. Bull. Inst.
Egypte, sér. 4, no. 1, pp. 173-197, pls. 1-3.
1902. Catalogue illustré des coquilles fossiles de L’Eocéne des environs
de Paris, Appendice 3. Ann. Soc. Roy. Malacol. Belgique, vol.
36, pp. 9-110, pls. 1-7.
— , G. P1ssarro, and E. W. VREDENBURG
1909. The Mollusca of the Ranikot series; part I.— Cephalopoda and
Gastropoda. Meni. Geol. Surv. India (Palaeont. Indiea), n.s.
vol. 3, no. 1, pp. 1-83, pls. 1-8.
Cox, L. R.
1927. Neogene and Quaternary Mollusea from the Zanzibar Protector-
ate. Rept. on Palaecont. Zanzibar Protectorate, pub. by author-
ity of Govt. of Zauzibar, pp. 13-102, pls. 3-19.
1940. Cretaceous Mollusca described by R. Pulteney in the Second
Edition of Hutehins’ History of Dorset (1813). Proc. Malaco-
logical Soc. London, vol. 24, pt. 3, pp. 121-128, pl. 7.
CragIy, F. W.
1905. Paleontology of the Malone Jurassic formation of Texas.

U.S.G.S. Bull. 266, pp. 1-172, pls. 1-29 (incl. map).



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 473

CrICK, G. C.
1894. On a collection of Jurassic Cephalopoda from Western Australia.
Geol. Mag., n.s., (4), vol. 1, pp. 385-393, pl. 12.
1898. Descriptions of new or imperfectly known species of Nautilus
from the Inferior Oolite, preserved in the British Museum (XNat-
ural History). Proe. Malacologieal Soe. London, vol. 3, pp. 117-
139.
1899. Note on Ammonites calcar, Zieten. Geol. Mag., (4), vol. 6,
pp. 554-538, 2 figs.
1907. The Cephalopoda from the deposit at the north end of False Bay,
Zululand. Cretaceous Fossils of Natal, Pt, 3, No. 2, Third Rept.
Geol. Surv. Natal and Zululand, pp. 163-234, pls. 10-15.
1908. In Newton and Criek: On some Jurassic Mollusea from Arabia.
Ann. Mag. Nat. Hist., (8), vol. 2, pp. 10-24, pls. 2-3.
1915. Note on Nautilus mokattamensis, A. H. Foord, from the Eocene
of Egypt. Proe. Malacologieal Soe. London, vol. 11, pp. 286-290,
pl. 8.
1921. On Nautilus pseudotruncatus n.sp. from the Liassie rocks of
England. Proc. Cotteswold Natur. Field Club (1920), vol. 20, pt.
3, pp. 245-247.
CUVILLIER, J.
1935. }ftude complémentaire sur la paléontologie du nummulitique
egyptien (prém. partie). Inst. Egypte Mem., vol. 28, pp. 1-81,
pls. 1-5.
DacqQuE, EDGAR
1905. Beitriige zur Geologie des Somalilandes; II Teil, Oberer Jura.
Beitr. Paldont. u. Geol. Osterr.-Ung. u. Orients, vol. 17, pp.
119-159, pls. 14-18. .
1910. Dogger und Malm aus Ostafrika. Beitr. Paldont. u. Geol. Osterr.-
TUng. u. Orients, vol. 23, pp. 1-62, pls. 1-6.
Daxa, J. D.
1849. U. S. Exploring Expeditions; Geology. 756 pp., Atlas, New
York.
Daquixn, F.
1932. A propos de la signification stratigraphique de Nautilus danicus
Schlotheim. Actes Soc. Linn. Bordeaux, vol. 84, Extr. Proc.-verb.,
pp. 98-101, pls. 1, 2.
Das-GupTa, H. C.
1916. Palaeontological notes from Hazara. Jour. Proc. Asiatic Soe.
Bengal, n.s., vol. 11, pp. 253-257, pl. 16.
DESHAYES, G. P.
1824. Description des coquilles fossiles des environs de Paris. Vol. 2,
Mollusques, pp. 1-814, pls. 1-101.



474 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

DickKERSON, R. E.

1914. Fauna of the Martinez Eocene of California. Calif. Univ. Pub,,

Dept. Geol., Bull,, vol. 8, pp. 61-180, pls. 6-18.
D1ENER, CARL

1897. The Cephalopoda of the Lower Trias. India Geol. Survey (Palae-

ont. Indica) ser. 15, vol. 2, pp. 1-181, pls. 1-23.
DotvILLE, HENRI

1916, Les terraines secondaires dans le Massif du Moghara & 1’est de
I’Isthme de Suez, d’apres les explorations de M. Cougat-Bar-
thoux. Paléontologie. Mem. Acad. Sei. Inst. Franee, ser. 2, vol.
54, pp. 1-184, pls. 1 21.

1920. L’Eocéne au Soudan et au Sénégal. Bull, Com. Etudes Hist. Sci.
Afrique Occidentales Francaises, no. 2, pp. 113-171, pls. 1-5.

1928. Les couches & Cardita beaumonti. Mem. Geol. Surv. India
(Palaeont, Indica), n.s., vol. 10, mem. 3, fase. 1, pp. 1-25, pls. 1 4.

1929, Les couches & Cardita beaumonti dans le Sud. dem. Geol. Surv.
India. (Palaeont. Indica), n.s., vol. 10, mem. 3, fase. 2, pp. 27-73,
pls. 5-11.

1933. Coniributions a la géologie de 1’Angola; le Tertiaire de Loanda.
Bol. Mus. Lab. Min. Geol., Lisbon Univ., vol. 1, pp. 63-118, pls.
17

DUMORTIER, E.

1864 Etudes paléontologiques sur les dépodts jurassiques du bassin

1874 du Rhone. Pt. 1, Infras. Lias, 187 pp., 30 pls., 1864; Pt. 2, Lias-
Inférienr, 252 pp., 50 pls., 1867; Pt. 3, Lias-Moyen, 348 pp., 45
pls., 1869; Pt. 4, Lias-Supérieur, 335 pp., 62 pls. 1874.

DuraaM, J. W,

1940. Aturia in the Upper Miocene of Java. Jour. Paleont., vol. 14,
pp. 160-161.

1946. Upper Aptian nautiloids from Colombia. Jour. Paleont., vol. 20,
pp. 428-434, pls. 62-65, 5 text figs.

Epwarps, F. E.

1849. A monograph of the Eocene Mollusea; or Descriptions of shells
from the older Tertiaries of England, Part 1, Cephalopoda.
Palaeontographical Soc., vol. 2, pp. 1-56, pls. 1-9.

E1HERIDGE, R., JR.

1901. Additional notes on the paleontology of Queensland, Pt. 2.

Queensland Geol. Surv., Bull. 13, pp. 1-37, pls. 1-4.
FAvRE, ERNEST

1869. Description des Mollusques Fossiles de la Craie des Environs

le Lemberg en Galicie. 187 pp., 13 pls., Genéve et Bale.



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 475

FErveLIo, E.

1936. Palaeontographid Patagonica: 1, Titoniano e Infracretaceo della
Regione del Lago Argentino. 2, Sopraeretaceo della Regione de!
Lago Argentino. Mem. Inst. Geol. R. Univ. Padova, vol. 11.
pp. 1-192, pls. 1-20.

Firron, W. H.

1835. Observations on some of the strata between the chalk and the
Oxford oolite in the southeast of England. Trans. Geol. Soc.
London, (2) vol. 4, pp. 103-388 (app. A.— Descriptive notes
respecting the shells figured in pls. 11-23 by J. de C. Sowerby,
pp. 335-348).

FLEMING, C. A.

1945. Some New Zealand Tertiary cephalopods. Trans. Roy. Soc. New

Zealand, vol. 74, pp. 411-418, pls. 60-62.
Frowzg, R. H., and B. KuMMEL

1950. Classification of the Nautiloidea. Jour. Paleont., vol. 24, no. 5,

Pp. 604-616.
Foorp, A, H.

1891. Catalogue of the fossil Cephalopoda in the British JMuseum
(Natural History), part 2, coutaining the remainder of the
suborder Nautiloidea, consisting of the families Lituitidae,
Trochoceratidae, and Nautilidae with a supplement. London,
pp. 1-407.

, and G. C. CRICK

1890a. A revision of the group of Nautilus elegans, J. Sowerby. Geol.
Mag., n.s., decade ILI, vol. 7, pp. 542.552.

1890b. Description of new and imperfectly-defined species of Jurassic
Naufili eontained in the British Museum (Natural History).
Ann. Mag. Nat. Hist., 6th ser., vol. 5, pp. 265-291, figs. 1-18.

1890c¢. On some new and imperfectly defined species of Jurassie, Cre-
taceous, and Tertiary Nantili contained in the British Musenm
(Natural History). Ann. Mag. Nat. Hist., 6th ser., vol. 5, pp.
388-409.

IFORBES, EDWARD

1846. Report on the fossil fuvertebrata from southern India, eollected
by Mr. Kaye and Mr. Cunliffe. Geol. Soe. London, Trans., 2nd
ser., vol. 7, pp. 97-174, pls. 7-19.

FrAUSCHER, K. F.

1895. Nautilusse von Guttaring. Kirnten Naturhist. Landes-Museums,

Jahrbuch, Heft 23, pp. 185-199, pls. 1-2.
FritscH, A., and U. SCHLONBACH

1872. Cephalopoden der bohmischen Kreideformation. Prag, pp. 1-52,

pls. 1-16.



476 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

FuciNI, ALBERTO
1895. Fauna dei caleari bianchi ceroidi con Phylloceras cylindricum
Sow. sp. del Monte Pisano. Atti Soe. Tose. Sei. Nat. Pisa, Mem.,
vol. 14, pp. 125-351, pls. 6-13.
1919. Cefalopodi (Cretacei della Tripolitania). Carta Geol. Ital., vol.
18, Itin. geol. Tripolitania occid. Ing. D. Zaceagna eon Append.
paleont., pp. 118-126, pls. 9, 10.

Gass, W. M.

1864, Descriptions of the Cretaceous fossils (of California). Calif.
Geol. Survey, Palaeont., vol. 1, pp. 57-236, pls. 9-32.

1877. Notes on Americau Cretaceous fossils with descriptions of some
new species. Philadelphia Acad. Nat. Sei. Proe., vol. 28, pp. 276-
324, pl. 5.

GAGEL, C. y

1927. Uber eine grosse Aturia aus dem norddeutschen Eocdn. Zeitsehr.
deutsch. Geol. Gesell. Berlin. Monatsber., vol. 78, pp. 118-121.

1928. Die Tone von Jatznick und Friedland und ihr Fossilinhalt.
Jahrbuch Preuss. Geol. Landesanst. Berlin for 1927, vol. 48, pp.
477-486, pls. 20-22,

GALEOTTI, M. H.

1837. Mémoire sur la constitution gedgnostique de la provinece de
Brabant, en réponse 4 la question suivante: décrire la eonstitution
géologique de la provinece de Brabant, déterminer avec soin les
espéces minérales et les fossiles que les divers terrains renferment
et indiquer la synouymie des auteurs qui en ont déja traité.
Mem. couronnés 1’Acad. Roy. Sei. Bel.-lett. Bruxelles, vol. 12,
pp. 1-192, pls. 1-4.

(GARDNER, JULIA

1923. New species of Mollusea from the Eocene deposits of south-
western Texas. U. S. Geol. Survey, Prof. Paper 131, pp. 109-117,
pls. 29-33.

Gay, C.

1854. Mistoria fisiea y politica de Chile. Vol. 8, Zoologia, 499 pp.

(plus atlas) Paris.
GriNiTz, H. B.

1843. Die Versteinerungen von Kieslingswalda, und Nachtrag zur
charakteristik des Sichsisch-bihmischen Kreidegebirges. Dres-
den und Leipzig, pp. 1-23, pls. 1-6.

1887. Ueber Nautilus alabamensis Morton, Naut. ziczac Sow. und
Nautilus lingulatus v. Bueh. Neues Jahrb. Min., Geol. Pal., 1887,
vol. 2, pp. 53-56, pl. 3.



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 477

GEMMELLARO, G. G.
1868- Studi paleontologici sulla Fauna del Caleare a Terebratula
1876. janitor del Nord di Sieilla. Pt. 1, 56 pp., 12 pls.; Pt. 2, 92 pp.
16 pls.; Pt. 3, 36 pp., 5 pls. (Palermo).
1884. Sui fossili degli strati a Terebratula aspasia della contrada
Rocche Rosse presso Galati (prov. di Messina). Giorn. Sci. Nat.
Palermo, vol. 16, pp. 167-218, 7 pls.
1886. Sul Dogger inferiore di Monte San Giuliana (Erice). Bull. Soec.
Sei. Nat. Palermo, vol. 17, pp. 197-213.
GEMMELLARO, M.
1911. Sui fossili degli strati a Terebratula aspasia della contrada
Rocche Rosse presso Galati (prov. di Messina). Giorn. Sei. Nat.
Econ. Palermo, vol. 28, pp. 203-246.
GLYER, G.
1886. TUeber die liasischen Cephalopoden des Hierlatz bei Hallstadt.
Abh. K.K. Geol. Reich., vol. 12, no. 4, pp. 213-287, pls. 1-4.
GroviNg, A. T. J.
1950. Algunos cefalépodos del hauterivense de Neuguén. Rev. Asoc.
Geol. Argentina, vol. 5, no. 2, pp. 35-76, pls. 1-7.
GRECO, BENEDETTO
1915. Fauna Cretacea dell’Egitto raccolta del Figari Bey; parte prima,
Cephalopoda. Palaeont. Italica, vol. 21, pp. 189-231, pls. 17-22
(1-6).
GRIEPENKERL, OTTO
1889. Die Versteinerungen der Senonen Kreide von Koenigslutter im
Herzogthum Braunschweig. Palaeont. Abh., vol. 4, pt. 5, pp.
1-117, pls. 1-12.
GUERANGER, E.
1865. Etude sur 1’Ammonites discus, Sowerby, suivie de la deseription
du Nautilus julii Baugier. Ann. Soc. Linn. Angers, vol. 7, pp.
184-190, pls. 1-3 (18647?).
(GUGENBERGER, ODOMAR
1928, Beitriige zur Geologie Kleinasiens mit besonderer Beriicksichti-
gung des anatolischen Lias. Sitzungsber. Akad. Wiss. Wien. Abt.
1, vol. 137, pp. 259-282, pls. 1, 2.
Haas, O. [¢“NM’’] H.
1947. On the status of the name Atwroidea Vredenburg, 1925, (Class
Cephalopoda, Order Nautiloidea). Bull. Zool. Nomenclature, vol.
1, pp. 243-244.
Haas, O, and A. K. MILLER
1952. XEocene nautiloids of British Somaliland. Amer. Mus. Nat. Hist.,
Bull., vol. 99, pp. 317-354, pls. 21-31.



478 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

Hanya, M. Al
1927. An Eocene invertebrate fauna from the La Jolia quadrangle,
California. Calif. Univ. Pubh., Dept. Geol. Sei., Buil., vol. 16, pp.
247-398, pls. 24-57.
Haver, F. R. vox
1856. Uber die Cephalopoden ans dem Lias der nordostlichen Alpen.
Denkselir. k. Akad. Wiss. Wien, vol. 11, pp. 1-86, pls. 1 25.
Mavasaky, L.
1936. A fossil Nautilus from Tuiwan. Taiwan Tigaku Kizi, vol. 7,
no. 7, pp. 65-67, 1 pl.
1ToEpPEN, E. C. N. vax
1931. Cretaceous Cephalopoda from Pondoland. Ann. Transvaal Mus.,
vol. 8, pp. 1-48, pls. 1-11.
HovnzapreL, E.
1899, Die Cephalopoden des Domanik im siidlichen Timan. Mém. Cor
mité Géol., vol. 12, no. 3, pp. 1-56, pls. 1-10.
11opPE, WALTER
1922, Jura und Kreide der Sinaihalbinsel. Zeitschrift Deutsch. Pald
stina-Vereins, vol. 45, pp. 97-244 pls. 3-6.
Hunpnogrey, W. E,
1949. Geology of the Sierra de los Muertos area, Mexico (with de-
scriptions of Aptian cephalopods from the La Pefia formation).
Bull. Geol. Soc. Amer., vol. 60, pp. 89-176, 2 figs., 18 pls.
HyaTT, ALPHEUS
1883- Genera of fossil cephalopods. Boston Soc. Nat. Hist., Proe., vol.
1884. 22, pp. 253-338 [pp. 253-272 were published in Dec. 1883, pp.
273-338 in Jan. 1884].
1844, Phylogeny of an acquired characteristic. Proe. Amer. Philos.
Soc., vol. 32, pp. 349-647, pls. 1-14,
[HERING, H. VOX
1902,  On the molluscan fauna of the Patagonian Tertiury. Proe. Amer.
Philos. Soc., vol. 41, pp. 132-137, pl. 19,
1903,  Les mollusques des terrains Crétaciques Supérieurs de 1’Argen
tine ovientale. Mus. Nac, Buenos Airves, An., vol. 9. (ser. 3,
vol. 2) pp. 193-229, pls. 1, 2.
1007.  Les mollusques fossiles du tertiaire et du crétacé supérieur de
1’Argentine. Mus. Nac. Buenos Aires, An., vol. 14 (ser. 3, vol. 7),
pp. 1-611, pls. 1-18.
1921. Naautilidos del Terciario de Chile y de la Argentina (nota prelimi
nar). Physis. Soc. Argentina Cien. Nat., Revista, vol. 5, no. 19, p.
76.
1923. Los nautilidos del Terciario Patugénico y Chileno. Mus., Nae.

Hist. Nat. Buenos Aires, An., vol. 31, pp. 470-474, pl. 1.



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 479

IREDALE, To)t
1944, Australian pearly Nautilus. Australian Zoologist, vol. 10, pt. 3.
pp. 204-298.

JEANNET, A.
1948. Sur la forme de l’ouverture chez certains Nautiles Mésozoiques.
Bull. Suisse Min. Pétr., vol. 28, pp. 178-187.
1951, Stratigraphie und Palacontologie des oolithischen Eisenerzlagers
von Herznach und seiner Umgebung. Beitr. Geol. Schweiz,
reotech. Ser., Lief 13, vol. 5, pp. 1-240, pls. 1-107.

KaraxascH, N. I.
1907. Le Crétacé inférieur de la Crimeé et sa faune. Trav. Soc. Imp.
Natur. St. Petershurg, vol. 32, livr. 5, pp. 1-482, pls. 1-28.

KELLER, ALEXANDRE
1932, Mission saharienne Augiéras-Draper, 1927-1928; sur une nouvelle
espéce de Nautile éocéne du Soudan Francais. Bull. Mus. Natl
Hist. Nat., Paris, ser. 2, vol. 4, pp. 564-567.

KeuLuy, L. B.
1926. Paleontology and stratigraphy of the Castle Hayne and Trent
marls in North Carolina. U. S. Geol. Survey, Prof. Paper 143,pp.
1-56, pls. 1-11.

Kiuiax, W, and P. REBovL
1909. Les céphalopodes néocretacés des Iles Seyvmour et Snow Hill.
Schwedischen Stidpolar Expedition, 1901-1903, vol. 3, Lief 6,
pp. 1-75, pls. 1-20.
1915. Contribution & 1’étude des faunes paléoerétacées du sud-est de
la France. Mem. Carte Géol. France, pp. 1-296, pls. 1-15.
KxXER, R.
1850, Versteinerungen des Kreidemergels von Lemberg und seiner Um-
gebung. Natur. Abh. Haidinger, vol. 3, pp. 1-42, pls. 1-5.

Kosayasal, T.
1954a. A new cymatoceratid from the Palaeogene of Northern Kyushu
in Japan. Jap. Jour. Geol. Geog., Trans., vol. 24, pp. 15-21, pls.

1, 3.
1954b. A new Palaeogene paracenoceratoid from Southern Kyushu in
Japan. Jap. Jour. Geol. Geog., Trans., vol. 24, pp. 181-184, pl.

09
20

KoOEXEN, A. voX
1883. Die Gastropoda holostomata und tectibranchiata, Cephalopoda
und Pteropoda des Nord-deutschen Mioc#in. Neues Jahrb. Min.,
Geol., Pal., Beil.-Bd. 2, pp. 223-367, pls. 5-7.



480 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

KossMart, Franz
1897. The Cretaceous deposits of Pondicherri. Ree. Geol. Surv. India,
vol. 30, pt. 2, pp. 51-110, pls. 6-10.

KRENKEL, E.
1910. Die untere Kreide von Deutsch-Ostafrika. Beitr. Paliont. Geol.
Osterreichs-Ungarns und des Orients., vol 23, Heft 4, pp. 201-250,
pls. 20-23.
1915. Die Kelloway-Fauna von Popilani in Westrussland. Palaeonto
graphica, vol. 61, pp. 191-362, pls. 19-28,

KRUMBECK, LOTHAR
1905. Die Brachiopoden und Molluskentauna des Glandarienkalkes.
Beitr. Paldont. Geol. Osterreich-Ungarns und des Orients, vol.
18, pp. 65-162, pls. 8-14.
1906. Beitriige zur Geologie und Palaeontologie von Tripolis. Palaeon-
tographica, vol. 53, pp. 51-136, pls. 7-9.

Kuay, OskAr
1936. Uber die Gruppe des Nautilus giganteus d’0Orb. Palaeont.
Zeitschr., vol. 18, pp. 302-306.
1939. Uber einen neuen Nautilus aus dem mittleren Malm. Palaeont.
Zeitschr., vol. 21, no. 3, pp. 161-163.

KuMMEL, BERNHARD

1953a. Lower Cretaceous nautiloids from Texas. Breviora, No. 19, pp
1-11, pls. 1, 2.

1953b. The ancestry of the Family Nautilidae. Breviora, No. 21, pp.
1-7, pl. 1.

1953¢. American Triassic coiled nautiloids. U. S. Geol. Survey Prof.
Paper 250, pp. 1-104, pls. 1-19.

1954. Jurassic nautiloids from western North America. Jour. Paleont.,
vol. 28, pp. 320-324, pls. 34, 35.

LEea, Issac
1841. Notice of the Oolitic formation in Ameriea, with descriptions of
some of its organic remains. Aw. Phil. Soc., Trans., n.s., vol. 7,
pp. 251-260, pls. 8-10.

LEYMERIE, M. A,
1846. Mémoire sur le Terrain & nummulites (Epierétacé) des Corbiéres
et de la Montagne Noire. Mén. Soe. Géol. France, ser. 2, vol. 1,
pp. 337-373, pls. 13-17.
1851. Mémoire sur un nouveau type Pyrémnéen paralléle a la Craie
proprement dite. Mém. Soc. Géol. Franee, 2nd ser., vol. 4, pp.
177-202.



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 481

LoescE, K. C.
1912. Eine fossile pathologische Nautilusschale. Neues Jahrb., vol. 2,
pp. 90-102, pl. 7, figs. 1-2.
1914. Die Nautilen des weissen Jura; Erster Teil. Palacontographica,
vol. 61, pp. 57-146, pls. 10-15.
LorioL, P. DE
1903. Etude sur les Mollusques et Brachiopodes de 1’Oxfordien su-
périeur et moyen du Jura lédonien. Mem. Soe. Paléont. Suisse,
vol. 30, pp. 77-160, pls. 6-19.
, E. RoYEr, and I. TOMBECK
1872. Desecription géologique et paléontologique des étages jurassiques
supérieurs de la Haute-Marne. 542 pp., 26 pls., Paris.
LoTz, H., J. BoH)M, and W. WEISSERMEL
1913. Geologische und paldiontologische Beitriige zur Kenntnis der
Luderitzbuchter Diamantablagerungen, Beitr. Geol. Erforseh.
deutschen Schutzgeb., no. 5, pp. 1-111, pls. 1-4.
LUNDGREN, B.
1867. Palaeontologiska Iakttagelser ofver Faxekalken pa Limhamn.
Lunds Universitets Ars-skrift. 1866, vol. 3, pp. 1-31, pl. 1.
MagrTIN, J. K. L.
1932. Ein eocdiner Nautilus von Java. Dienst. Mynb. Ned. Indié,
Meded., no. 20, pp. 1-2, pls. 1, 2.
MarTIN, K.
1879- Die Tertiiirschichten auf Java. Leiden, 1879-1880, pp. 1-164;
1880. Allgemeiner theil pp. 1-51; Anhang pp. 1-6, pls. 1-28, 1 map.
1889. Die Fauna der Kreideformation von Martapoera. Samm. geol.
Reichsmus. Leiden. 1. Ser., vol. 4, pp. 126-196, pls. 15-221.
1933. Eine neue Tertiiire Molluskenfauna aus dem Indischen Archipel.
Leidsche Geol. Meded., vol. 6, pt. 1, pp. 7-32, pls. 1-5.
Mavry, C. J.
1930. O Cretaceo de Parahyba do Norte. Serv. geol. min. Brasil, Mon,,
n. 8, pp. 1-303, pls. 1-35.
McCoy, FREDERICK
1876. Prodromus of the palacontology of Victoria; or, figures and
deseriptions of Vietoria; or figures and descriptions of Vietorian
organic remains, decade 3. Geol. Survey Victoria, pp. 1-40, pls.
21-30.
MEeEE, F. B.
1861. Descriptions of new Cretaceous fossils collected by the North-
western Boundary Commission, on Vancouver and Sucia Islands.
Philadelphia Acad. Nat. Sei. Proe., vol. 13, pp. 314-318.



432 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

1876. Report on the invertebrate Cretaccous tossils of the Upper Mis-
souri eountry. U. 8. Geol. Surv. Terr., vol. IX (Hayden), 629
pp., pls. 1-45.
and F. V. HAYDEN

1862. Descriptions of new Cretaceous fossils from Nebraska Territory.
Philadelphia Acad. Nat. Sci. Proe., vol. 14, pp. 21-28 (1863).

MiLascHEVITCIH, IS, S.
1877. Palcontological sketches. 1. On some fossils of Cretaceous in
Crimea. Bull. Soe. Imp. Nat. Moscon, vol. 532, pp. 65-128, pl. 1.

MICHELOTTI, G.
1847. Deseription des fossiles des terrains miocenes de 1’Italie septen-
trionale. Natuurk. Verh. Holland Maatsch. Wetensch.,, Haarlem,
vol. 3, pp. 1-40-B, pls. 1-17.
1561. Etudes sur le miocéne inférieur de I’Italie, Natuurk. Verh.
Holland Maatsch.. Wetensch.,, Haarlem, vol. 15, pp. 1-183, pls,
1-16.

MILLER, A. K.

1935. The ‘‘ Paleocene’” nautiloid eephalopods of Landana, Portuguese
West Afriea. Jour. Paleont., vol. 9, pp. 167-173, pls. 19, 20.

1938. Cephalopods from the Quimbriz Eocene. Comm. Serv. Geol.
Portugal, vol. 20, pp. 38-43, pl. 9.

1941. An Aturia from the Tonga Islands of the Central Pacific. Jour.
Paleont., vol. 15, pp. 429-431.

1947. Tertiary nautiloids of the Americas. Mem. Geol. Soc. Amer., no.
23, pp. 1-234, pls. 1-100.

1949. The last surge of the mnautiloid cephalopods. Evolution, vol. 3,
pp. 231-233.

1951, Tertiary nautiloids of west-coastal Africa. Ann. Mus. Congo
Belge, ser. 8, sci. geol,, vol. 8, pp. 1 S8, pls. 101,
, and C. CoLLINSON

1952, A mnew Jurassic nautiloid species from Morocco. Jour. Paleont.,
vol. 26, pp. 626-629, pl. 85.

1953. An aberrant nautiloid of the Timor Permiaun. .Jour. Paleont.,
vol. 27, pp. 293-295.
, and I. CRESPIN

1939. An Aturia from the northwest divisions of western Australia.
Jour. Paleont., vol. 13, pp. 79-81, pls. 13, 14, 2 text figs.
, and H. R. Dowxs

1950. .Tertiary nautiloids of the Americas: Supplement. Jour. Paleont.,
vol. 24, pp. 1-18, pls. 1-10.
, C. 0. DUxBAR, and G. E. CONDRA



KUMAMEL: POST-TRIASSIC NAUTILOID GENERA 483

1933. The nautiloid cephalopods of the Pennsylvanian system in the
mid-continent region. Neb. Geol. Survey, ser. 2, Bull. 9. pp. 1-240,
pls. 1-24.

— ————, and W, M. FrrNISH

1938, . turias from the Tertiary of Mexico. Jour. Paleont., vol. 12, pp.
140-155, pl. 25.
,and R. A. Harris

1945. North American Cymatoceratidae (Mesozoie Nautiloidea). Jour.
Paleont., vol. 19, pp. L-13, pls. 1-6.
. and AL L. THOMPSON

1933. The nautiloid cephalopods of the Midway group. Jour. Paleont.,
vol. 7, pp. 298324, pls. 34 38,

1935. The nautiloid genus .{furoideo in America. Jouar. Paleont., vol.
9, pp. 563-571, pls. 65-66.

1937. Beitrage zur Keuntnis tropisch — Amerikanischer Tertidrmol-
lusken; V1, Some Tertiary nautiloids from Venezuela and Trini
dad. Eeclog. Geol. Helvetiae, vol. 30, pp. 539-73, pls. 7-10.

MOBERG, J. C.
1884. Cephalopoderna i Sveriges Kritsyster:, I, Sveriges Kritsystem
systematiskt Framstildt. Sveriges Geol. Undersokning, ser. C,
no. 63, pp. 1-45, pls. 1, 2.
1885, Cephalopoderna 1 Sveriges Kritsystem, 11, Artbestkrifning.
Sveriges Geol. Undersokning, ser. C, no. 73, pp. 1-64, pls. 1-6.

MoxTFORT, DENYS DE

1802, Histoire naturelle, générale et particuliere des Mollusques, ani-
maux sans vertébres ¢t & sang blance; Ouvrage faisant suite
a4 1’histoire naturelle générale et particuliére, composée par
Leclere de Buffon, et rédigée par C.S. Sonnini, membre de
plusieurs Sociétés savantes. Paris, vol. 4, pp. 1-376, pls. 42-50.

1505, Conchyliologie systématique et classification méthodique des co-
quilles; offraut leurs figures, leur arrangement générique, leurs
descriptions caracteristiques, leurs unoms; ainsi que lenr synony
wie en plusienrs langues. Vol. 1, Paris. 409 pp., 100 pls.

MORICKE, W,
1594, Versteinernngen der Lias und CUuteroolith von Chile. Neues
Jahrb. Min. Geol., Pal., Beil.-Bd. 9, pp. 1-100, pls. 1-6.

Morris, J.
1848, Deseription of a new species of Nautilus from the Lower Green-
sand of the Isle of Wight, Ann. Mag. Nat. Hist., ser. 2, vol. 1,
pp. 106-107.



484 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

, and L. LYCeTT

1850. A monograph of the Mollusea from the Great Oolite, chiefly from
Minchinhampton and the coast of Yorkshire. Pal. Soc. Mon., 4
parts, pp. VIII, 130 + 147 4 129, 45 pls.

MorToN, S. G.

1834. Synopsis of the organie remains of the Cretaceous group of the
United States, illustrated by nineteen plates; to which is added
an appendix, containing a tabular view of the Tertiary fossils
hitherto discovered in North America. Philadelphia, pp. 1-88
(and pp. 1-8, the appendix), pls. 1-19.

MULLER, G., and A. WOLLEMANN

1906. Die Molluskenfauna des Untersenon von Braunschweig und
Ilsede. II. Cephalopoden. Abh. K. preuss. Geol. Landesanstalt.,
n.s. no. 47, pp. 1-30, Atlas, pls. 1-11.

Nagao, TAKUMI

1926. Aturia yokoyamai, nov. nom. from the Paleogene of Kyushu.
Sei. Rept. Tohoku Imp. Univ., ser. 2, (geol.), vol. 9, pp. 29-32,
pls. 9-11.

NEgr1, Luie

1934. Gasteropodi, Scafopodi e Cefalopodi paleogenici della Sirtica e
del Fezzan orientale. Missione Scientifica della Reale Accademia
d’Italia a Cufra (1931 —IX), vol. 3, pp. 131-181, pl. 14.

NEUMAYR, M.

1870. Uber einige neue oder weniger bekannte Cephalopoden der Ma-
crocephalen-Schichten. Jahrb. K.K. geol. Reichsanst., vol. 20,
no. 2, pp. 147-156, pls. 7, 8.

NeEwTON, R. B.

1905. Eocene shells from Nigeria. Ann. Mag. Nat. Hist., ser. 7, vol.
15, pp. 83-91, pl. 5.

1919. On a sandstone cast of Aturia aturi (Basterot), from the
Miocene of Western Australia. Malae. Soe. London, Proe., vol.
13, pp. 160-167, pls. 5, 6.

1925. Eocene Nautili from British Somaliland. Glasgow Univ., Hun-
terian Mus. Geol. Dept., Mon. 1, pp. 165-170, pls. 17, 18.

, and G. F. HARrIis

1894. A revision of the British Eocene Cephalopoda. Malae. Soe. Lon-

don, Proc., vol. 1, pp. 119-131, pl. 10.
NIKITIN, S.

1881. Der Jura der Umgegend von Elatma. Nouv. Mém. Soe. Imp. Nat.

Mosecou, vol. 14, pt. 2, pp. 85-135, pls. 1-6 (8-13).
NoEeTLING, F.

1896. Fauna of the Kellaways of Mazar Drik. Geol. Survey India

(Palaeont. Indiea), Mem., ser. 16, vol. 1, pt. 1, pp. 1-22, pls. 1-13.



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 485

1897. Fauna of Baluchistan. Fauna of the Upper Cretaceous (Mae:
strichtian Beds of the Mari Hills) Geol. Survey India. (Palaeont.
Indica) Mem., ser. 16, vol. 1, pt. 3, pp. 1-79, pls. 1-23.

Opua, HILMAR

1926. Studien over Daniet i Jylland og paa Fyn. Danmarks Geol.

Undersogelse, ser. 2, no. 45, pp. 1-306, pls. 1-6.
OLIVEIRA, PAULO ERICHSEN DE

1953. Invertebrados Fésseis da Formacas Maria Farinha. I. Cephalo-

poda. Divisao da Geol. e Mineral. Bol. 146, pp. 1-33, pls. 1-4.
OLSSON, A. A,

1028, Contributions to the Tertiary paleontology of northern Peru.
Part I, Eocene Mollusca and Brachiopoda. Bull. Am. Paleont.,
vol. 14, no. 52, pp. 1-154, pls. 1-26.

1930. Contributions to the Tertiary paleontology of northern Peru.
Part 3, Eocene Mollusca. Bull. Am. Paleont., vol. 17, no. 62, pp.
1-96, pls. 1-12.

1931. Contributions to the Tertiary paleontology of northern Peru:
Part 4, the Peruvian Oligocene. Bull. Am. Paleont., vol. 17, no.
63, pp. 1-164, pls. 1-21.

OosTER, W. A,

1858. Catalogue des Céphalopodes Fossiles des Alpes Suisses. 3rd part,

Céphalopodes Tentaculiféres, Nautilides. pp. 1-20, pls. 8-12.
OPPENHEIM, PAUL

1900- Die Priabonaschichten und ihre Fauna, im Zusammenhange mit

1901. gleichalterigen und analogen Ablagerungen vergleichend be-
trachtet. Palaeontographica, vol. 47, pp. 1-348, pls. 1-21.

1903. TUeber die Fossilien der Blittermergel von Theben. Sitzungsber.
K. Bayer. Akad. Wiss.,, Math.-Phys, Cl, vol. 32, pp. 435-455,
pl. 7. .

1906. Zur Kenntniss Alttertiirer Faunen in Agypten; Lief. 2, Die
Bivalven zweiter Teil, Gastropoda und Cephalopoda. Palaeonto-
graphica, vol. 30, div. 3, pp. 163-348, pls. 18-27.

1916. Die eociine Invertebraten — Fauna des Kalksteins in Togo, im
Zusammenhange mit anderen Tertiirablagerungen Afrikas ver-
gleichend betrachtet. Beitr. Geol. Erforsch. deutsch. Schutzgeb.,
no. 12, pp. 1-126, pls. 1-5 (1915).

ORBIGNY, A. D,

1840- Paléontologie Francaise. Terrains Crétaeés, vol. 1, (for dates see

1847. Geol. Mag., pp. 223-225, 1899), 662 pp., pls. 1-148 (in Atlas).

1841. Descriptions de quelques espéces de Mollusques fossiles de France.
Rev. Zoologique par la Soc. Cuvierienne, Année 1841, pp. 318-319.

1842. Voyage dans 1’Amérique méridionale. Vol. 3, Partie 4, Paléon-
tologie, Paris. 188 pp., 22 pls.



486
1842

1851.
1850.

Paroxa, C.
1897.

1899.

1897.

BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

Paléontologie Francaise. Terrains Jurassiques, vol. 1 (for dates
see Geol. Mag., pp. 223-223, 1899), 642 pp., pls. 1-236 (in Atlas).
Prodrome de Paléontologie stratigraphique universelle des ani
maux mollnsques et rayonnés faisant suite au cours élémentaire
de Paléontologie, Premier vol., Masson, Paris. 394 pp.; denxieme
vol., 428 pp.

F.

I Nautili del Lias Inferiore de Saltrio. Bull. Soe. Malae. Ital.,
vol. 20, pp. 7-20, pl. 1 (1895).

Note sui Cefalapodi Terziari del Piemonte. Palaeont. Italica,
vol. 4, pp. 155-168, pls. 12, 13.

, and G. BONARELLI

Sur la faune du Callovien inférieur (Chanasien) de Savoie. Mem.
Acad. Sci. Savoie (4), vol. 6, pp. 35-211, pls. 1-11.

PENECKE, K. A.

1884.

Das Eocidn des Krappfeldes in Kédrnten. Sitzungsber. K. Akad.
Wiss.,, Wien, vol. 90, pt. I, pp. 327-371, pls. 1-5.

PETITCLERC, PAUL

1926.

PEYROT, M
1932,

Note sur la présence du Nautilus julii Baugier, dans le Bathonien
des environs de Belfort; suivie de la description d’espéces nou-
velles ou interessantes du Callovien des Deux-Sévres, de Maine-
et-Loire, de 1’Ardéche, ete.; et enfin de 1’enumeration de certaines
ammonites rares ou peu connues du (rétacé des Basses-Alpes.
Imprimerie Marcel Bon, Vesoul, 1926.

LAl

Conchologie Néogénique de 1’Aquitaine, tome 6 Gastropodes.
Actes Soc. Linn. Bordeaux, vol. 85, pp. 5-71, (pls. 11-18 pub.
1932, vol. 84).

P14, JrLivs

1914,

PictET, F.
1867,

1858-
1860.

1847

Untersuchungen iiber die Ildassischen Nautiloidea. Beitr. Pald
ont. Geol. Osterreich-Ungarus und des Orients, vol. 27, pp. 19 86,
pls. 4-10.

J.

Etudes paléontologiques sur la faune a 7erebratula diphyoides
de Berrias (Ardéche). Mélanges Paléont., vol. 1, pt. 2, pp. 43
131, pls. 8-28.

, and G. CAMPICHE

Description des fossiles du terrain crétacé des environs de
Sainte-Croix. Genéve. 380 pp., 43 pls.

, and W. Rotrx

Deseriptions des mollusques fossiles qui se trouvent dans les



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 487

1853. gres verts des envirous de Geneve, Mém. Soe. Phys, Hist. Nat.,
Genéve, vol. 11, pt. 2, pp. 257-412; vol. 12, pp. 157 287 vol. 13,
pt. I, pp. 73-173, 489-538, pls. 1-51.
PoMEL, A.
1889. Les cephalopodes Neocomiens de Lamorieieve. Matériaux pour
la Carte Géologique de 1’Algérie. I serie. Paléont. No. 2, pp.
1-96, pls. 1-14.
Pringz, J.
1906. Die Nautiliden in der Unteren Jura-P’eriode. Ann. Hist. Nat.
Mus. Nat. Hung., vol. 4, pp. 201-243, pls. 3, 4.
Quaas, A.
1902. Die Fauna der Overwegischichten und der Blitterthone in der
libyschen Wiiste. Palaeontographica, vol. 30, pt. 11, pn. 153 356,
pls. 20-33.
QUENSTEDT, F. A. v.
1545- Petrefactenkunde Deutschlauds, ete. Vol. I, Cephalopoden. Liet.
1849, I, pp. 1-104, (1845); II, pp. 105-184, (1816); III, pp. 185 264,
(1847 ¢ IV-V, pp. 265-472, (1848); VI, pp. 473 580, (18490,
Ravx, J. P
1902, Molluskerne i Danmarks Kridtatlejringer, 11. Scaphopoder, Gas
tropoder, og Cephalopoder. K. Danske Vidensk. Selsk. Skr., ser.
G, Naturvidensk, Math, Afd., vol. 11, no. 4, pp. 205270, pls. 1 5.
R¥DTENBACHER, ANTON
i573.  Die Cephaiopodenfauna der Gosanschichten in den nordostlichien
Alpen. Abh. K.K. Geol. Reich=anstalt, vol. 5. pt. 5. pp. 91-140,
pls. 22.30.
Reesivg, J. B, Jr.
1924, A npew nautiloid cephalopod, Eutrephoceras sloani, from the
Foeene of South Carolina. U. S. Nat. Mus., Proe., vol. 63, art. 3,
pp. 1-4, pls, 13
19274, Cephalopods from the lower part of the Cody Shale of Oregon
Basin, Wyoming. U. S. Geol. Survey. Prof. Paper 150, pp. 1-19,
pls. 1-&.
19271, The cephalopods of the Eagle sandstone and related forviations
in the western interior of the United States, U. N. Geol. Survey,
Prof. Paper 151, pp. 1-87, pls. 1 45,
RETOWSKI, O.
1894,  Die tithonisehen Ablagerungen von Theodosia; ein Beitrag zur
Palionto'ogie der Krim. Moscou Soc. Imp. Nat. Bull.. n.s.. vol.
7. pp. 206-301, pls. 9-14 (1893).
(0EMER, F. .
1833, Die Versteinerungen der norddeutschen Oolithen-Gebirges. 218
pp.. 16 pls., (in Atlas).



488 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

RoxcuETTI, C. R.
1947. Appendice alla revisione dei Gen. Nautilus, Indoceras, ¢ Baculites
del Neocretacico della Libia. Ist. Geol. Paleont. Geog. Fisiea,
Univ. Milano, ser. P, pub. 50, pp. 1-4, fig. 3.

ROUCHADZE, J.
1931. Notice sur les Belemnites et les Nautilus de 1’Aptien de Koutais.
Bull. Mus. Géorgie, vol. 6 (1929-1930), pp. 125-138, pls. 1-3.

SaxcHEZ Rol1G, MARIO
1951. La Fauna Jurasica de Vifiales. Ann, Ciencias Medicas, Fis. Nat.,
Havana, vol. 89, pt. 1I, pp. 47-94, pls. 1-28,

SCHAFHAUTL, K. E.
1852. Der Teisenberg oder Kressenberg in Bayern. Neues Jahrb.
Mineral. Geogn. Geol. Petrefakten-Kunde. Jahrgang 1852, pp.
129-175, pls. 3, 4.
1863. Siid-Bayerns Lethaea Geognostica, — Der Kunessenberg und die
siidlich von ihm gelegenen Hochalpen, geognostisch betrachtet
in ihren Petrefacten. Leipzig, 487 pp., 86 pls., 7 maps (in Atlas)

ScHEXNCK, H. G.
1931. Cephalopods of the genus Aturia from western North America.
Calif. Univ. Pub., Dept. Geol. Sei., Bull., vol. 19, pp. 435491,
pls. 66-78.

SCHLAGINTWEIT, O.
1912. Die Fauna des Vracon und Cenoman in Peru. Neues Jahrb.,
Beil.-Bd, 33, pp. 43-136, pls. 5-7.

ScHLOTHEINM, E. F.
1820. Die Petrefactenkunde. Cephalopoda. Pp. 45-88.

SCHLUTER, C.
1876. Cephalopoden der oberen Kreide. Palaeontographiea, vol. 24,
pt. 11, pp. 123-263 (1-144), pls. 36-55.

Scort, G.
1940. Cephalopods from the Cretaceous Trinity group of the south-
central United States. Texas Univ. Bull. 3945, pp. 969-1106, pls.
55-68.
1943. Palaeontology of Harrar Province, Ethiopia Part 4, Jurassie
Cephalopoda and a Cretaceons Nautilus. Am. Mus. Nat. Hist.
Bull,, vol. 82, art. 8, pp. 55-94, text tigs. 1-23, pls. 10-25.

SERGIO, VENZO
1933. 11 cattiano di Monte Brione presso Riva del Garda e la sua
nuova fauna. Studi Trentini Sei. Nat. Trento, vol. 14, fase. 3, pp.
188-213, pls. 1-2.



KUMMEL: POST-TRIASSIC NAUTILOID GENERA 489

SHARPE, D.
1833. On the age of the fossiliferous sands and gravels of Farringdon
and its neighbourhood. Quart. Jour. Geol. Soe. London, vol. 10,
pp. 176-198, pls. 5-6.
SHATTUCK, G. B.
1903. The Mollusca of the Buda limestone. U. S. Geol. Survey Bull.
205, pp. 1-36, pls. 1-25.
SHIMIZU, SABURD
1926. On two species of Nautiloidea from the Tertiary of Japan. Seci.
Rept. Tohoku Imp. Univ., ser. 2 (geol.), vol. 9, pp. 25-27, pl. 8.
1931. The marine Lower Cietaceous deposits of Japan, with speecial
reference to the Ammonite-bearing zones. Sei. Rept. Toéhoku
Imp. Univ,, ser. 2 (geol.), vol. 13, no. 1, pp. 1-40, 4 pls., 1 text fig.
SHUMARD, B. F.
1860. Descriptions of new Cretaceous fossils from Texas. St. Louis
Acad. Sei. Trans., vol. 1, pp. 590-610.
Sivzow, I.
1913. Beitriige zur Kenntnis der unteren Kreideablagerungen des Nord-
Kaukasus. Trav. Mus. Géol. Imp. Seci. St. Petersburg, vol. 7, pp.
93-117, pls. 4-6.
SoxkoLov, D. N.
1928. Fossiles Mésozoiques de la Bolschezemelskaja Tundra et de Kash-
pur. Trav. Mus. Géol. Leningrad, vol. 3, pp. 15-62, pls. 3, 4.
SORRENTINO, STEFANO
1932. Cefalopodi Maestrichtiani della Tripolitania. Bol. Soc. Geol.
Italiana, vol. 51, pp. 184-209, pls. 4-6.
SOWERBY, J., and J. DE C. SOWERBY
1812- Mineral Conchology. 7 vols.,, pls. 1-337 (1812-1822) by J.
1846. Sowerby; pls. 338-648 (1822-1846) by J. de C. Sowerby.
SpaTtH, L. F.
1921. Cretaceous Cephalopoda from Zululand. Ann. S. African Mus,,
vol. 12, pt. 7, no. 16, pp. 217-321, pls. 19-26.
1927a. Revision of the Jurassic ceplhalopod fauna of the Kachh (Cutch).
Mem. Geol. Surv. India (Palaeont. Indiea), n.s., vol. 9, no. 2,
pp- 1-84, pls. 1-7.
1927b. On the classification of the Tertiary nautili. Ann. Mag. Nat.
Hist., ser. 9, vol. 20, pp. 424-428,
1930a. The Eotriassic invertebrate fauna of East Greenland. Medd. om
Gronland, vol. 83, pp. 1-90, pls. 1-12.
1930b. On the Cephalopoda of the Uitenhage beds. Ann. S. Afriean
Mus., vol. 28, pp. 131-157, pls. 13-15.



490 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

1934, Catalogue of the fossil Cephalopoda in the British Muscum (Nat
ural History). Part 4, The Ammonoidea of the Trias. London,
pp. 1-521, pls. 1-18.

1935a. Additions to the Eotriassie invertebrate fauna of East Green-
land. Medd. o1 Grenland, vol. 98, pp. 1-115, pls. 1-23.

1935b. The Mesozoic palaeontology of British Somaliland. X, Jurassie
and Cretaccous Cephalopoda. Geol. Palaeont. British Somali-
land, pt. 2, pp. 205-228, pls. 24-25,

1953. The Upper Cretaceous cephalopod fauna of Graham Land.
Falkland Is. Dependencies Survey, Sei. Rept. no. 3, pp. 1-60,
pls. 1-13.

SPENGLER, ERICH
1910. TUntersnchungen iiber die sitdindische Kreideformation. Die
Nantiliden und Belemniten des Trichinopolydistrikts. Beitr.
Paliiont. Osterreich Ungarns und Orients, vol. 23, pp. 125-157,
pls. 11-14 (26-29).
1919. Die Gebirgsgruppe des Plassen und Hallstiitter Salzberges im
Salzkammergut. Jalrh. Geol. Reich., Jahrgang 1918, vol. 68,
Pp. 285474, pls. 1418 (1-5).

STCHEPINSKY, V.
1943. L’Oligocene marin de Gaziantep (Turquie méridionale). Maden
Tetkik ve Arama, Ankara, sene 8, sayi 2/30, pp. 223-248 pls.
1-4.

NTEINMAXN, G.
1895. Die Cephalopoden der Quiriquina-schichten. Neues Jahrb. Beil.-
Bd. 10, pp. 64-94, pls. 4-6,

SteENzEL, H. B.

1935. Nautiloids of the genus Afwria from the Eocene of Texas and
Alubama. Jour. Paleont., vol. 9, pp. 551-562, pls. 63, 64.

1940. Tertiary nautiloids from the Gulf Coastal Plain. Texas Univ.
Publ. No. 3945, pp. 731-794, pls. 35-42,

1948, Paleoecology of Tertiary nautiloids, Rept. Comum, ou a Treatise
on Marine Eecol. and Palcoecol., Div, Geol. Geog., Natl. Res.
Couneil, no, 8, pp. 96-97.

1948. Ecology of living nauntiloids. Rept. Comm. on a Treatise of
Marine Ecology and [’aleoecol., Div. Geol. and Geog., Nat. Res.
Couneil, pp. 84-90.

1952, Living Nautilus. Treatise on Invertebrate Paleontology, I’t. H,
Cephalopoda, Nantiloidea, pp. H-1 — H 19, Preprint.



KUMMEL : PORT-TRIASSIC NAUTILOID GENERA 191

STEPHENSON, L, W

1041, The lavger invertebrate fossils of the Navarro group of Texas
(exelusive of corvals and erustaceans and exelusive of the fauna
of the Escondido formation). Texas Univ., Pub. 4101, pp.
1-G41, pls. 1 93,

STEUER, ALEJANDRO

1921, Estratos Juricicos Argentinos. Actas Aead. Nae. Cienc. Cor-

doba, vol. 7, pp. 33-128, pls. 1-24.
STROMBECK, A. V.

18G3. Ueber die Kreide am Zeltherg bei Lineburg. Zeitsehr. deutsch.

geol. Gesell., vol. 15, pp. 97-187, pl. 4.
T AGLI1ARINI, F. P, .

1901. Mounografia sui Nautili del Dogger iuferiore di Monte San
Giuliano (Erice). Gior. Sei. Nat. Econ., Palermo, vol. 23, pt. I,
pp. 186-203, pls. 1-6.

Tavaxiy, G.

1942, Paleontologia deila  Somalia, Mollusechi del Cretaceo della
Somalia. P’alaecontographieca Italiea, vol. 32, suppl. 4, fase. 2,
pp. 747, pls. 15 (10-14).

TEICHERT, C.

1940. Contributions to nautiloid nomenclature. Jour. Paleont., vol.
14, pp. 5390-597.

1943. TFocene nautiloids from Vietoria. Proe. Roy. Soe. Vietoria, vol.
53, pt. 2 (n. s.), pp. 237-264, pl. 11.

1944, The genus Aturia in the Tertiary of Australia. Jour. Paleont.,
vol. 18, pp. 73-82, pls. 14-16.

19474, Notes on Locene nautiloids from Vietoria. Mining Geol. Jour.,
vol. 3, no. 1, pp. 40-42,

19471, New mnautiloids from the older Tertiary of Vietoria. Mining
(teol, Jounr., vol. 3, no. 2, pp. 48-51.

——, and B. C. CoTTOoN

1949. A new _dtwuria from the Tertiary of South Australia. Rec.
South Australian Mus., vol. 9, pp. 255-256, pl. 21.

——, and B. F. GLENISTER

1652, Fossil nantiloid faunas from Australia. Jour. Paleont., vol. 26,

pp. 730 752, pls. 104-108,
TERQUEM, O.

1855. Paléontologie de 1’étage inférieur de la formation Liasique
de la provinee de Luxembourg, Grand-Duché (Hollande) et de
llettange, Deparvtement de la Moselle. Mém. Soe. Géol. de
Irance. 2nd ser.. vol. 3, no. 3, pp. 219-343, pls. 1-15.



492 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

TuodEY, MICHAEL
1854. Descriptions of some new fossils from the Cretaceous rocks of
the southern states. Acad. Nat. Sci. Philadelphia, Proec., vol. 7,
pp. 167-172,

UHLIG, VICTOR
1883. Die Cephalopodenfauna der Wernsdorfer Schichten. Denksch.
Akad. Wiss. Wien, vol. 46, abt. 2, pp. 127-290, pls. 1-32.

VACEK, M.
1886. Uber die fauna der Oolithe von Cap. S. Vigilio. Abh. K. K.
Geol. Reich. Wien, vol. 12, no. 3, pp. 57-212, pls. 1-20.

Vapdsz, M. E.
1911. Die Juraschichten des Siidlichen Bakony. Resultate Wiss.
Erforsch. des Balatonsees, vol. 1, Pal. Abh. 3, pp. 1-89, pls. 1, 2.

VALENCIENNES, ACHILLE
1841. Nouvelles recherches sur le Nautile flambé. Paris Mus. Natl.
Hist. Nat., Archiv., vol. 2, pp. 257-314, pls. 8-11.

VENZoO, S.
1937. La fauna Cattiana delle glanconie Bellunesi. Mem. Inst. Geol.
R. Universitd di Padova, vol. 13, pp. 1-207, pls. 1-12.

VIALLI, VITTERIO
1937. Ammoniti giurassiche del moute Peller. Trento, Mus. Storia

Nat. Venezia Tridentina, Mem. an 7, vol. 4, pp. 99-148, pls. 1-3,

5 figs.

VINCENT, EMILE
1907. Description d’une espeee de eéphalopode tetrabranchial nouvelle,
du Landenien de Belgique (Aturia linicentensis, E. Vincent).
Ann. Soe. Roy. Zool., Malac. Belgique, vol. 42, pp. 321-323, fig. 1.
1913. Contribution & la paléontologie des Falaises de Landana (Bas-
Congo); Mollusques. Mus. Congo Belge. Ann., see. 3, vol. 1,
pp. 1-46, pls. 1-6.

vVogr, V.
1908. Uber Eozéine Nautiliden. F&ldtani Kozlony, vol. 38, pp. 568-582,
636-649.
1910. Neuere Beitrige zur Kenntnis der alttertiiren Nautiliden.
Centralbl. Min., Geol. Pal., Jahrg. 1910, pp. 707-710.

VokEks, H. E.
1937. Nautiloid cephalopods from the Eocene of California. Jour.

Paleont., vol. 11, pp. 39, pls. 1, 2.



KUMMEL : POST-TRIASSIC NAUTILOID GENERA 493

VREDENBURG, E. W.

1925. Descriptions of Mollusca from the post-Eocene Tertiary forma
tion of northwestern India; Cephalopoda, Opisthobranchiata,
Siphonostomata. Mem. Geol. Surv. India n. s., vol. 50, pt. 1, pp.
1-350, pls. 1-13.

, and G. pE P. CoTTER

1928. A snpplement to the Mollusca of the Ranikot series. Mem.
Geol. Surv. India (Palaeont. Indica), n. s., vol. 10, no. 4, pp.
1-75, pls. 1-9, and corr. slip.

WaageEN, W.

1873. Jurassic fauna of Kutch. The Cephalopoda. Mem. Geol. Surv.

India (Palaeont. Indiea), ser. 9, vol. 1, pt. 1, pp. 1-22, pls. 1-4.
WANNER, J.
1902. Die Fauna der obersten weissen Kreide der libyschen Wiiste.
Paleontographica, vol. 30, Abt. 2, pp. 91-152, pls. 13-19.
Waring, C. A.
1914. Eocene horizons of California. Jour. Geol., vol. 22, pp. 782-785.
WEAVER, C. E.

1931. Paleontology of the Jnrassic and Cretaceous of west-central
Argentina. Mem. Washington Univ. (Seattle), vol. 1, pp. 1-594,
pls. 1-62.

WETHERELL, N, T.

1836. Observations on some of the fossils of the London eclay, and
in particular those organic remains which have been recently
discovered in the tunnel for the London and Birmingham Rail-
road. London and Edinburgh PhLil. Mag. Jour. Seci., ser. 3, vol.
9, pp. 462-469.

WHiITE, C. A.

1884, Ou the nantiloid genus Enclimatoceras Hyatt and a deseription

of the type species. U. S. Geol, Surv. Bull. 4, pp. 16, 17, pls. 7-9.
WHITEAVES, J. F.

1876. On some invertebrates from the coal-bearing rocks of the Queen
Charlotte Islands collected by Mr. James Richardson in 1872.
Canada Geol. Survey, Mesozoic fossile, vol. 1, pt. 1, pp. 1-92,
pls. 1-10.

1900. On some additional or imperfectly understood fossils from the
Cretaceous rocks of the Queen Charlotte Islands, with a revised
list of the species from these rocks. Canada Geol. Survey,
Mesozoice fossils, vol. 1, pt. 4, pp. 263-307, pls. 33-39.

WHITFIELD, R. P.

1892. Gastropoda and Cephalopoda of the Raritan clays and Greensand
marls. U. S. Geol. Surv.,, Mon. 18, pp. 1-402, pls. 1-50 [also
issued as N. J. Geol. Surv., Paleont., vol. 2].



494 BULLETIN : MUSEUM OF COMPARATIVE ZOOLOGY

Yagg, H., and H. Ozak1

1953. A new type of Cretaceous nautiloids from Tyosi Peniusula,

Kwanté Region, Natl. Sci. Mus. (Tokyo), Bull. 32, pp. 55-61.
——————— and S. SHIMIZU

1924, A new species of Nautilus, N. (Cymatoceras) pseudo-atlas Yabe
and Shimizu, from the upper Cretaceous of Amakusa. Japanese
Jour. Geol. Geogr., vol. 3, pp. 41-43, pl. 5.

YorovaMma, M.

1913. On two new fossil Cephalopoda from the Tertiary of Izumo.

Jour. Geol. Soc. Tokyo, vol. 20, pp. 33-35 (1-3), pls. 7, 8.
Youxg, G., and J. BIrD

1828. A geological survey of the Yorkshire Coast. 2nd ed. Whithy.

324 pp., 17 pls.
Z1ETEN, C. H,, V.

1830. Die Versteinerungen Wiirttembergs, 12 prs., 102 pp., 72 pls.

(Stuttgart). For dates of publication see Crick, 1899, p. 554.
Z1TTEL, K. A. VON.

1868. Palaeontologische Studien iber die Granzschichten der Jura
und Kreide-Formation im Gebiete der Karpathen, Alpen und
Apenninen, I. Abtheilung, Die Cephalopoden der Stramberger
Schichten. Mus. K. Bayer. Staates Palaecont. Mitt. (begonnen
von Oppel, forgesetzt von Zittel), vol. 2, pp. 33-118, pls. 1-24
in an atlas.

ZWIERZYCKI, J.

1914. Die Cephalopodenfauna der Tendaguruschichten Deutseh-Ost
afrika. Archiv. Biontologie, Gesell. Naturforsch. Freunde Ber
lin, vol. 3, pt. 4, Teil 3, pp. 7-96, pls. 1-10.

1915. Fossielen Atkomstig van eenige Vindplaatsen op Sumatra. Jaar
Mijuwezen Neder. Oost-Indie, vol. 42, pp. 101-129 (1913).



